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ABSTRACT

A three-phase study was conducted to determine the fate of hexavalent
chromium [Cr(VI)] in the atmosphere. Components of the study included the
following:

e Identification of the most suitable sampling and analytical methods
for Cr(VI) ' :

« Determination, through a serfies of laboratory reaction chamber
tests, the most likely chemical pathways and rate of conversion of
hexavalent chromium in ambient air to trivalent chromium [Cr(I1I)]
under simulated atmospheric conditions

. .A field test, conducted in California, to support those findings

from the laboratory studies

Two general analytical methods were evaluated, a compiexation/atomic
absorption technique currently utilized by the California Air Resources
Board (CARB) and an ion chromatographic method. The atomic absorption
method was found to provide the required sensitivity for measurement of
atmospheric Cr(VI) [3-10 percent coefficient of variation (€.v.)] and was
reasonably precise in the determination of Cr(VI) corresponding to concen-
trations varying from 0.7 to 5.5 nanograms per cubic meter (ng/m3).

The fon chromatographic technigue was more precise, sensitive, and
rapid. The detection limit was 0.1 ng/m3 with a precision of better than
five percent C.V. A modification of this method provided an even gheater
detection 1imit (0.1 ng/m3 and lower) but was more time consuming and com-
plex. ' '

A sampling method currently employed by CARB utilizing polyvinyl-
chloride (PVC) membranes was found to provide low estimates of the true
Cr(V1) atmospheric concentrations. Air concentrations approximately ten
times higher were measured using an 1mp1n§er method that provided greater
stability of the Cr(VI) species during sampiing.

Laboratory reaction chamber tests were conducted that utilized PVC
filters spiked with Cr(VI) compounds and exposed to atmospheric reactants
typical of the Southern California region. The results indicated that
under low atmospheric pH condftidns (measurable atmospheric HNO3, etc.)
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greater than 50%. of Cr{(VI) species will be reduced in the presence of oxf-
dizable species, such as unsaturated and oxygenated organic compounds, and
mono and divalent vanadium [V(I,II)] species over a 24-hour period.

Finally, a two-phase field test conductsd in the Los Angeles basin
area indicated the following:

e Cr(VI) species exist at measurable levels at distances of up to 0.5
miles or greater from chromium emission sources.

e The rates of reduction of Cr(VI) under true ambient air conditions
parallel those seen in the laboratory.
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1.0 SUMMARY AND CONCLUSIONS

1.1 MEASUREMENT STUDIES

The existing sampling/analytical method proposed by CARB (ADDLOOG) 1is
flawed primarily in the sampling step. Reaction chamber tests and studies
conducted in the field demonstrate that the hexavalent chromium species
undergo reduction during sampling presumably due to reaction with oxidiz-
able species such as Fe*2, v+, v*2, organics, etc. under acidic conditions
due to €O, HNO3, or other atmospheric species. An ideal sampling device
to address this problem has not been identified. Impinger solutions that
maintain a neutral or higher pH represent one approach toward stabilizing
the Cr(VI) species. These devices show some promise based on some field
test data, but are inconvenient to handle and, due to high blank values
provided by large volumes of impinger solution and surface problems asso-
ciated with glassware, they are thus far unsuitable for total chromium
determinations. Preliminary data suggest that the most suitable sampiing
scenario 1s a filter device that utilizes an alkaline or neutral buffered
coating. While PVC or Teflon membranes do not provide suitabie surfaces
for coating, a material such as paper or glass fiber may hold some promise.
Potential problems for these devices include potential sampling inefficien-
cy and reactivity for paper devices and the need for filtering or centrifu-
gation of the paper or glass fiber material following extraction proce-
dures. '

At this time, the sampling method of choice appears to be the buffered
impinger. The device must provide for the control of the pH of the sam-
pling medium 1n order to stabilize the oxidation state of the chromium
species during sampling. As a consequence, impinger solutions of sodfum
carbonate (0.02-0.05 M) are currently in use and have provided a much
closer approximation of the true Cr(VI) concentration than the previously
used PVC membrane. A further improvement might involve the use of plastic
impinger devices, if possible, to minimize surface and blank problems
associated with glass and allow for Cr(III) quantitation, in addition to
Cr(VI) quantitation. A more ideal approach would fnvolve a buffered alka-
line coating of a glass fiber or paper filter, but an evaluation of these
devices has not been completed. -
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0f the analytical methods evaluated in the study, none were found
suitable for the in-situ determination of any chromium species. However,
at least two analytical methods appear suitable for measurement/speciation
of hexavalent chromium in the laboratory--CARB Method ADDLO06 and ion
chromatography. Both methods appear suitable for the analysis of either
impinger solutions or extracts of filter samples. In both cases, however,
pH adjustment is essential for recovery of the Cr(VI) species. The CARB
method is quite sensitive, capable of detecting atmospheric levels of
cr(vI) of 0.5 ng/m3, assuming sampling rates of 10 Lpm over a 24-hour
period. However, the method is somewhat labor-intensive. If the ion
chromatographic (IC) method was used in conjunction with the extract of a
suitable filter collection device, Cr(VI) levels of 0.3 ng/m3 might be
determined. The IC detection 1imit can be lowered to ~0.04 ng/m3 using a
preconcentration technique that is somewhat labor-intensive. This latter
technique 1s also potentially suitable to impinger solution analysis, al-
though the detection limit is then similar to the CARB method. The primary
advantage of the IC method is that far fe#er sample manipulations are per-
formed during measurement, contamination is minimized, and the method, n
general, appears more rugged. The pH adjustment. of the sample on]y re-
quires values greater than 6.8 prior to injection.

The most desirable measurement method at this point appears to be ion
chromatography, although further laboratory work is necessary to properly
evaluate this technique in conjunction with the sampl1hg device proposed
above. Further work refining the preconcentration IC method is required {f
an impinger approach is to be used in future work. The standard post-
column reaction method appears suitable as is, but would require more ex-
tensive laboratory evaluation of recovery, accuracy, precision, interfer-
ences, etc. At this time, Method ADDLOO6 appears suitable until such an
evaluation {s performed, although it appears. slightly prone to certain
1nterferences. '

1.2 REACTION CHAMBER STUDIES

The experimental design utilized in this phase of the study, nameiy,
exposure of spiked filters to controlled artificial atmospheres of a wide
variety of species considered ubiquitous to ambient air, was intended %o
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provide an approximation of potential Cr(vl) atmospheric reactions. Semi-
quantitative reaction rates have been obtained from individual tests. More
quantitative rates would be difficuit to obtain, due to the 1imited condi-
tions/species employed in each test. Some *indicators"® suggesting general
conditions under which hexavalent chromium is likely to undergo atmospheric
conversion are as follows:

1. In the presence of "acidic® species, e.g., HNO3, Cr{vl) will react
with "oxidizable* species such as aldehydes, unsaturated hydrocar-
bons, substituted aromatic compounds, and inorganic species such
as V¥, Vv*2, and Fe*2,

2. “Ambient levels" of Cr(VI) (20-100 ng) demonstrated an average
half 1ife [50% conversion to Cr{III})] of 13 hours when exposed to
simulated atmospheric reactants. Assuming wind speeds greater
than one mile per hour, one might expect the vast majority of
Cr(VI) collected within a few miles of a Cr(VI) source to remain
in the hexavalent state.

3. Based on the series of chamber tests, no conclusion can be made
regarding the humidity factor. For most of the tests, the
relative humidity was fixed between 20 to 30 percent.

4. No chamber tests were run to isolate the photochemical input in
the conversion of Cr(V1) species. However, later field reaction
studies conducted in a manner similar to chamber tests show con-
version rates at night were indistinguishable to those found in
the daylight hours.

5. The reaction chamber tests tend to be consistent with Cr(VI) be-
havior {n solution. One possible explanation may be in the forma-
tion of fine aerosols (droplets) that simulate solution chemistry.

6. Very limited tests in conjunction with literature findings indi-
cate that conversion of trivalent chromium to the hexavalent form
is not a 1ikely chemfcal pathway.

7. Tﬁe reaction chamber tests provided a field reaction study design
that could be easily implemented to provide more realistic Cr(VI)
conversion data.

1.3 FIELD STUDY

Samples obtained from the chrome plating facility contained measurable
levels of Cr(VI), at distances of at least 0.5 km from the source., Mea-
sured Cr(VI) levels ranged from 26.3 ng/m3 to 315 ng/m3, These elevated
levels are reflective of an improved impinger sampler that allows for some
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degree of stabilization of the Cr(VI) species during collection. This type
of sampler was utilized as a result of the laboratory reactivity tests,
which demonstrated significant reduction on filters during simulated
sampling conditfons. Previous sampling that had been performed by CARB had
featured the use of PVC (or Teflon) membranes to collect ¢r(VI), and
therefore contained no provision for the fixation of the collected Cr(VI).
It is expected that this approach provided estimates of the cr(vl)
atmospheric concentrations that were perhaps only five to ten percent of
the true values. This is, in fact, dramatically seen in the results
obtained from the CAR8 measurements performed October 6-9, 1987 at the same
general chrome plating site utilized by Entropy Environmentalists during
their field test. ‘While levels of hexavalent chromium were measurable at
0.5 Km, most sites at greater distances did not provide sufficient levels
to allow for quantitation of a relationship of Cr(VI) to total chromium.

It was hoped that if this had been possible, some measure of Cr(VI)
reduction with distance from the source could have been obtained. This was
not the case, except with one ambient test run.

Levels of hexavalent chromium at the cooling tower site were generally
at or near the detection limit. Exceptions are included in this report.
Possible contributing factors to low levels at the cooling tower facility
include high dilution rates and variable winds. |

Field reaction studies that simulated in the field those reactivity
tests performed in the laboratory were performed at both sites. Useful
data were provided at both sampling sites. PVC filters loaded with
20-100 ng of Cr(VI) at the emission source were taken to an E1 Monte site
(CARB facility) away from the source and exposed to ambient air at a sam-
pling flow rate of 3 Lpm for 24 hours. Hexavalent chromium reduction was
observed over this period that paralleled those reduction rates observed in
the laboratory under simulated conditions. An average half 1ife of approx-
imately 16 hours was observed over seven field reaction tests conducted at
both sites (with a range of 9 to 23 hours). These results corroborated
those laboratory chamber tests that demonstrated an average experimental
half 1ife of 13 hours (6 to 20 hours}.



2.0 RECOMMENDATIONS

A sampling method has been identified that provides a more accurate
estimate of the atmospheric hexavalent chromium burden. The technique, an
impinger, provides greater stability for Cr{Vl) species during sampling
than the currently used PVC membrane, but nevertheless does not provide the
jdeal conditions for fixing the Cr(VI) species. In additfon, it is cumber-
some to work with for personnel conducting the sampTing. However, handling
difficulties might be eased considerably 1f plastic impinger devices were
used. This also would minimize blank problems associated with glass sur-
faces. If ultrapure or subboiled acids were used during sample prepara-
tion, these devices might also allow for Cr(III) quantitation. It is
recommended that further work be performed to determine the feasibility of
an alkaline- or neutral-buffered coating on a membrane filter. For exam-
ple, glass (or quartz) fiber material could provide sites for a reagent
coating, but would also pass an adequate air flow without sacrificing
collection efficiency. In addition, the ease of removal of Cr(VI) species
from the membrane must be evaluated. Any potential methods must be eval-
uated for stability over time; e.g., a 30-day storage period under a varie-
ty of conditions.

Further work is needed to evaluate the precision and accuracy of the
ion chromatographic (IC) method. If an impinger sampling method is indi-
cated as most suitable, the IC method involving the use of the preconcen-
‘tration column must be subjected to a full-scale method evaluation as well.
In addition to the above mentioned considerations, the technidue should be
carefully evaluated for potential interferences since the preconcentration
column efficiency might be adversely effected by certain species commonly
existing in the environment.

The reactivity of trivalent chromium was not closely examined in this
study. While not a likely chemical pathway, the potential oxidation of
Cr(II1) should be studied due to the significance of any possible conver-
sion scenarios. It is recommended that a few selected laboratory reactivi-
ty tests be conducted in the presence of manganese dioxide (MnO2) under
varying pH conditions. Subsequent to any findings indicating possible
reactivity of Cr(III), additional laboratory tests might be conducted on
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available representative fly ash materials containing Cr(III), likewise in
the presence of MnO2, in order to simulate more realistic conditions.

Should results from these laboratory tests indicate potential Cr(III)
reactivity, field tests should be conducted af Cr(I11I) emission sources
[preferably low in Cr(III) emissions] to support these findings. Simultan-
eously, a field reactivity test might be conducted to parallel the labora-
tory test design.
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3.0 INTRODUCTION

3.1 PURPOSE OF THE STUDY

[ 3
The health hazards of certain substances have been found to be a func-

tion of the chemical forms of these substances. For example, arsenic (V)
{s carcinogenic, while arsenic {III) is only toxic. The same is true for
chromium {VI) and chromium (III), respectively. Chromium (VI) has been
identified by the California Air Resources Board (CARB) as an air contami-
nant and thus poses a potential health hazard. 0f concern to CARB is the
environmental fate of the chromium (VI) species. That is, airborne hexa-
valent chromium may be reduced to chromium (ITI), or it may settle out of
the air as particulate matter or be washed out with precipitation. Of
‘these possibilities, the primary concern and thus primary objective of this
study, 1s the determinatfon of the rates of reduction of Cr(VI) to Cr(III)
in ambient air. The following three steps have been taken in meeting

this objective:

o Identify, evaluate, and validate an accurate and precise
methodology for sampling and analyzing the Cr(VI) species.

e Using this measurement methodology, expose Cr(VI)-containing
particulate to a variety of potential reducing agents and/or
reduction catalysts of the type expected fn the ambient air and
measure rates of any reduction observed.

e Perform a field measurement study for chromium species at three
different sites in California near likely sources of Cr(VI)
emissions, with the intent of determining the rate of conversion
of Cr(VI) to Cr(III).

There have been a large number of techniques developed for the speci-
ation of hexavalent and trivalent chromium. The most well established
methods have been used primarily for samples collected at the chromium
sources or in the industrial workplace (1-8). For both cases, chromium
levels are much higher than those normally encountered in ambient air, and
as a consequence, avoid certa1h,pr6b1ems frequently peculiar to ambient air
analysis such as sensitivity, contamination, and sample (species) stabili-
ty. However, a few techniques have been developed prior to this study that
have shown promise in this particular application (4, 9, 10). CARB Method
ADDL00O6 utilizes a complexation reaction with Cr(VI) followed by isolation
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and acid digestion of the complex. Measurement of the digest is by graph-
ite furnace atomic absorption. An additional ion chromatographic method
had been developgp by an instrument manufacturer that shows promise.-

The second phase of this study presented the greatest challenge. 1In
order to conduct this phase of the study, an understanding of the physical
and chemical properties of chromium aerosols was required. Individuals at
RTI and elsewhere with atmospheric chemistry experience were consulted. Of
primary concern initially was the selection of a suitable reaction chamber
design in order to conduct simulated interactions of Cr(VI) and Cr(III)
species with a variety of expected atmospheric reactants. RTI has a signi-
ficant amount of experience with continuously stirréd tank reactors (CSTRs)
(11, 12). However, several investigators have observed problems with CSTRs

‘when studying aerosols, including severe losses due to the static charge on
the particle even when utilizing all metal (aluminized) chambers (13). An
alternate configuration utilizes filters spiked with target species that
are subsequently exposed to "interferent® atmospheres (14, 15). The de-
gradation of the spiked species is measured over time to establish general
reaction rate “trends* as a function of a particular reactant. This ap-
proach was utilized during the second phase of the study. Nevertheless,
many unanticipated problems were encountered that required changeé in de-
sign of this phase of the study.

The third phase of the study, the field test, was conducted with the
goal of verifying the findings of the second phase in addition to conduc-
ting a limited ambient sampling program. CARB utilizes Method AbDLOOS,
which involves sampling utilizing PVC membrane collection. RTI experience
during the laboratory reactivity tests indicated that, under typical ambi-
ent sampling conditions, more than 50 percent of the Cr(VI) species may be
expected to be reduced to trivalent chromium over a 24-hour period. An
impinger sampler approach was utilized during the study in order to provide
a closer estimate of the Cr(VI) concentrations in the atmosphere. In order
to -verify those resdlts: a test configuration (similar to that corducted
during the laboratory chamber tests) had to be utiiized. As a consequence,
filters were loaded with Cr(VI) from actual sources and exposed to environ-
mental reactants in a manner analogous to the laboratory test configura-
tion. On the basis of the laboratory reactivity tests, some adjustmerts
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were made immediately before, during, and after this field phase, which
pertained mainly to the sampling approach.

3.2 COMPONENTS OF THE STUDY

The following components were included in the study:

A thorough study of the 1iterature, plus communication with expertis
to identify methods capable of providing the speciation (identifi-
cation/measurement) of trivalent and hexavalent chromium in the

ambient air samples. In addition, the literature was consulted to

determine potential chemical pathways of both hexavalent and tri-
valent chromium species in atmospheres typical to those encountered
in California.

Testing those analytical methods selected for potential applicabil-
ity and acceptability (appropriate recovery, precision, detection
1imit, etc.) by CARB for ambient air applicationms.

Constructing an atmospheric test chamber that provides a means of
predicting general trends in the atmospheric reactivity of hex-
avalent and trivalent chromium species, and conducting a series of
reactivity tests that provide the general pathways expected in
ambient air.

Validation of the findings of reaction chamber tests through field
tests conducted at ambient sites located in the Los Angeles area

" pear two chromfum emission sources, one a chrome plating facility

and the other a cooling tower,






4.0 CHEMICAL REACTION SCENARIO BASED ON LITERATURE STUDIES

4.1 INTRODUCTION

A literature study and examination of the chemistry of Cr(VI) and
Cr(II1) has been performed in order to arrive at a scenario for the
potential atmospheric reactions of these species in afr. The approach
taken has been first to study general inorganic texts and reports dealing
with both the general chemistry and also the atmospheric chemistry of
chromium. This has been followed by performance of a literature search and
contact with experts regarding the atmospheric chemistry of chromium. Data
collected includes proposed reactions along with corresponding equilibrium
or thermodynamic data, atmospheric concentrations of potential reactants
and estimated rates of reaction.

_ The texts reviewed presented some of the general chemistry of chromium
including the acid/base equilibria and various complexation and precipita-
tion reactions. Several major reports on chromium were acquired from the
EPA, NTIS, etc. These deal principally with sources of atmospheric chromi-
um (16) and the health effects of chromium (17, 18). They also present
some basic inorganic chemistry of various chromium compounds and an over-
view of methods of analysis. A literature review on occurrence and method-
ology for determination of chromium species in air prepared by Battelle
Columbus Laboratories in 1984 was acquired (19). The only selective ana-
lytical procedure for Cr(VI) identified in this study was the ASTM Method
utilizing s-diphenylcarbazide as a selective complexing agent.

The most important report identified was that by Christian Seigneur of
Systems Applications, Inc., entitled “A Theoretical Study of the Atmospher-
ic Chemistry of Chromium® (20). This report presented a thorough review of
the inorganic reactions of Cr{III} and Cr(VI), atmospheric concentrations
of potential reactants, and conclusions about the potential reaction
scenario for these two species. However, 1ittle information was presented
about the reactions of these chromium species with organic compounds.
Despite, this shortcoming, this report has served as the principal resource
for preparation of this chapter.

The literature, though quite thorough, has not revealed any studies of
the actual atmospheric chemistry of the chromium species. Several papers
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have indicated that Cr(VI) species would be expected to react with organic
material and any reducfng species such as Felt,

Chromium ranks as the 21st element in the earth's crust in relative
abundance and is more abundant than nickel, zinc, and copper. Chromium ion
has oxidation states in compounds ranging from -2 to +6, but most commonly
occurs as 0, +2, +3, and +6. Only +3 and +6 are found in stable form in
natural materials. Cr(III) compounds are relatively stable in aqueous
solution. The +3 fon is readily complexed to form octahedral, six-coordi-
nate ions. The ¢hemistry of the +6 oxidation state of chromium (especially
Cr042-) is very much 1ike that of sulfate. However, free chromic oxide
Cr03 does not exist. In acid solutions, the dichromate fon (Cr2072-) is
favored and is a strong oxidizing agent.

The chemistry of the chromium species {s quite complex. The type of
reactions which can occur include the following:

s Adsorption

e Acid/base equilibria

e Complexation reaction

o Precipitation reactions

o Redﬁction/oxidat1on reactions

Each of these will be considered separately with regard to inorganic and
organic reactants.
4.2 ADSORPTION

Natural highly oxygenated and/or fon exchange materials such as sili-

cates can adsorb chromium species. A genera] reaction is as follows:

2- 2- siliceous ______ - -, siliceous
Cr04e=/Cr207~ + Larticulate > Cro42-/Crz072 particulate

Quantitative values for the extent of this reaction are not available.

4.3 ACID/BASE EQUILIBRIA

4,3,1 Cr(IIT)

The Cr(III) may be present in the form of its oxide, Crz03, or as sol-
uble salts. Cr(III) in water and in the absence of ligands will exist as a
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complex molecule with six waters of hydration. Unlike the chromate and
dichromate species which act as bases, the cr(11I) species is not basic in
nature. It does undergo hydrolysis, however, which is described in a
subsequent section.

4.3,.2 Cr(Vl)

The principal acid/base equilbria for Cr(VI) are as fo]lows;
| | X

HpCr04 {-==--- > HCr04- + HY 1.21

HCrog~ {-=---- > Cr0g2- + HY 3.0 x 10-7\

201042~ + 2H* {===n- > Crp07-2 + H20 4.2 x 1014

HaCr207 {--=--=> H* + HCr207- large

HCrp07~ {===--- > H* + Crp072- ~ 0.85

2HCr04~ {-=---- > €rp072= + H0 35.5

At pH less than 0, dihydrogen chromate, HpCrO4 , becomes the predominant
species. Between pH 1 and 5, which is the principal pH range for atmos-
pheric aerosols, hydrogen'chromate and chromate, HCrO4- and crog2- , will
be the dominant species. At high HCrOg- concentration and low pH,
dichromate, Cr2072-, will be a major species.

Acidic species in the aerosols may exchange both protons and ligands
with the chromium species. Possible reactions are:

k
HSO4~ + HCrOg= {------ > Crs072= + Hp0 4.; M-1
HSO3~ + HCrO4~ {-=----)> CrS072- + Hz0 36 Ml
H* + C1= + HCrOg~ {-=-=--- > €r03C1- + H20 11 M-2
HCr04~ + HaP0g~ {--==-- > HCrPO72~ + Hz0 2.9 M1
HCrOg~ + H3POq {====-- > HoCrPO7= + Hp0 9.4 M-1
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4.4 COMPLEXATION AND LIGAND EXCHANGE REACTIONS

4.4.1

Possi

Cr(I11)

A major reaction pathway for the Cr(III) species is hydrolysis.

ble reactions are as follows:

Cr(H20)63* + H0
Cr(H20) 5(0H)2* + H20
------ > Cr{0H)3 (s)
------ > Cr(0H)4~
------ > Cra(oH) g4+

Cr3+ + 30H-
Cr(OH)3 (s) + OH-
2CrOH2*

...... > CroH2+ + H30*
------ > Cr{H20)4(0H)2* + H30*

k
10-4 M
2.8 x 106 M
1030 M4
0.40
104 M-1°

Additional possible reactions with other species likely to be present in
the aerosols, including nitrate, sulfate, chloride and fluoride, are as

follows:
Cr3* + 3NO3~ =e=--- > Cr(No3)3 (s)
Cri+ + S042- ---—-- > Crsog*
20r3+ + 35042 ~---n- > Cr(s0g4)3 (s)
Crd* + C1° —ommem > cre12*
Cre12+ + C1= ~acame > erclp?
Crelg* + C1= ==aae- > CrCl3 (s)
Crelg* + Cr(OH)2* -----=)> 2CrC1oH*
Crelg* + Hp0 ===eom- > CrC120H + H*
Cr3* + F= =ocmo-) CrF2H
Crf2* + F= cmeam- > Crfg*
Crfg* + Fo ceeew- > Crf3

4.4,2 Cr(VI)

Reactions that involve ligand exchange are presented in Section 4.3.2
since they also involve proton transfer.
to precipitation are presented separately in the following section.

4-4

k
2.6 M-4

1.38 M-1

7.7 x 10*6 M-5
2.2 x 10-1 u-1
2.9 x 102 m-1
1.5 x 10-3 M2

2.5

10-6 M1

2.6 x 104 u-1

2.5 x 103 -1

3.0 x 102 M-1

Complexation reactions which lead
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© 4,5 PRECIPITATION REACTIONS

4.,5.1 Cr(I1I)

Except for chromium oxide, Cr203, most Cr(IIl) species are quite sol-
uble. Three possible, though not likely precipitation equilibrium
reactions are as follows:

ksp
Cr(NO3)3 (s) === Cr3* + 3NO3- 0.4 Mé
Cro(S04)3 (s) <==> 2Cr3+ + 35042~ 1.3 x 10-7 M3

crely (s) {-=----- > CrClgt + C1- 1.5 x 10-3 M2

4.5.2 Cr(vl)

cr(vVl), as compared to Cr(III), forms many relatively insoluble com-
pounds. Possible precipitation equilibrium reactions are as follows:

ksp
PbCrOg {-=---- S Pb2+ + Cr042- _ 1.8 x 10-14
AgCr0g {-=--=-) 2Ag* + Cr042- | 9.0 x 10-12
BaCrOg {-=----= > Ba2* + Cr042- 3.0 x 10-10
ZnCr04:4In{0H) g {~=-=-= > In2* + Cr042- + 4In(OH)2 5 x 10-17
InCrog {==m--- > In2+ + Cr0g2- . ' 1.1 x 10-5 M2
SrCrog {-===== > Sre*t + Crog2- 3.0 x 1075
CuCrog {------ > Cu2* + Cr0g2- : 3.6 x 10-6 M2
CaCr0g {~----- S Ca2* + Cr042- 2.3 x 102
KoCro07 {--===~ > 2K+ + Crp072- 4.9 x 10-3 M3
KzCrog {-----=> 2K+ + Cr042- . 0.23 M3
NazCr0g4 {------ > 2Na* + Cr0g2- o 3.65 M3
(NHg)2€r207 {===--- > zNH44 + Cr072- 4.0 M3
Cro3 (s) {evw==- > cro3 (aq) - 6.2 M
(NHg) 2Cr0g {=====- > 2NHg* + Crog2- 20 M3

NapCr207 {------ > 2Na* + Crp072- 5.1 x 102 M3
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4.6 REDUCTION/OXIDATION REACTIONS

4.6.1 Oxidation of Cr(III)

A number of airborne species can react with Cr(III) to form Cr(VI)
species, though Cr(III} 1s not a strong reducing agent. Possible reactions
are as follows:

- - i

Hz0 + 2Cr*3 + 3Pb02 ------ > Cra072- + 3Pb*2 + 2H*
2Cr3* + 6Mn3* + 7HRO =-oae- > Crz072= + 6Mn2* + 14H*

4,6.2 Reduction of Cr(VI)

The Cr(VI) species are strong oxidizing agents and thus there are many
possible reactions for this oxidation state of chromium. Several of the
more likely atmospheric reactions are as follows:

3v2+ + Cr(VI) -=---- > 3v3+ + crd+

Cr(VI) + Fe(II) ------ > Cr(III) + Fe(III)

2HCr04~ + 3HNOZ + 5H* <eee- > 2Cr3+ + 3NO3- + 5 H0

2HCr04~ + 3H2S + 8HY —eemee > 2Cr3+ + 35 + 8H0

2HCr0g~ + 91~ + 14H* +4 HP0 ~=---- > 2Cr(Hz0)3* + 313~
2HCrOg4~ + 4HSO03~ +6 HY =cawaad 2Cr3+ + 25042- + Sp062~ + 6H20
2HoAS03~ + 3Cr(VI) =----- > 2Cr3* + 3HoAsO4~

2HCrO4~ + 3Hp0 + BH* memmmm > 2Cr3+ + 30, + 8HZ0

Though not given major significance by Seigneur, the reduction of the
Cr(VI) species by organic compounds {s, in fact, a major concern. Two
reactions presented by Seigneur are:

2Cr(V1) + 3HCOOH ----=- > 2Cr(I111) + 3C02
2CH50H + 3Cr(VI) ------) 2CH3COOH + 3Cr(III) -
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Other reactions with organic species {dentified in the literature (21) are
as follows:

R3CH + Cr042-/Cip072" -ovau- > R3COH + Crt3

CH3 + Cr042-/Cra072= ~--=-- > RCOOH

RCHO + Cr042=/Cr072~ =----- > RCOOH

R . —R2 2- 2e e 1 20083
i =>C = c<p3 + Cr0a2-/Craly --=> R1COOH + R2-C:R
PAH's + Cr042-/Crp072= ------> quinones

4,7 AVAILABILITY OF REACTANTS

The possibility of the reactions given above occurring depends upon
the avaiTability of reactants and reaction conditions, as each reaction is
thermodynamically favored under conditions of untt activity. Doug Lawson
of CARB and Tom Cahill of U.C.-Davis were contacted and air analysis data
from a large study conducted in 1986 in the Los Angeles area were acquired.
These data are presented in Table 4-1. As noted, metals that form
“insoluble® precipitates with chromate, acid, ozone, hydrogen peroxide, and
reactive organics are all present. A more comprehensive 1ist found fin the
Seigneur report is presented in Table 4-2. The extent of reaction_w11T
depend both upon the "available® amount of these reactants and the aeroscl
matrix. The “available” or "reactable” amounts of each of these species is
not known. To determine these amounts requires speciation of the
inorganics, e.g., lead, and determination of whether the organic molecules
are “free," adsorped on (6r in) carbonaceous or siliceous material and/or
complexed with 2 metal. The particle or aerosol matrix is also crurial.
The two most important factors are the amount of water present and the
acidity of this water, as the proposed reactions will occur only in
solution. Experts have been contacted, and it appears that no one has
determined the "solution" character of an aerosol or “wet" particle.

Despite these severe limitations, speculation about the most likely
reactions based on thermodynamics, concentrations and kinetics measured in
the laboratory can be made. This has been done by Seigneur and serves as
the basis for the following sections. '
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TABLE 4-1
POTENTIAL REACTANTS IN LOS ANGELES BASIN AIR

._‘____..—.___——-_-—_———"“——
e e e —— e

Inorganics Concentrations
Pb 0.1 - 0.4 pg/md
Ca 0.2 pg/m3
Mn 0.03 pg/m3
In 0.015 - 0,385 pg/m3
S042- 3.6 - 11.8 pg/m3
03 ~ 200 ppb
H202 0.1 - 2.5 ppb
HNO3 1 -23 ppb
Organics Concentrations
formaldehyde 4 - 22 ppb
acetaldehyde 2 - 15 ppb

TNMHC* , 60% alkanes
: propane 67.8 ppbC
n-pentane 43.5 ppbC
isopentane 108 ppbC

15% alkenes
ethylene 63.4 ppbC

25% aromatics
toluene 116 ppbQ
benzene 42 ppbC
p-xylene 69.6 ppbC

Organic carbon 5 -9 ug/m

Elemental carbon 3 -5 ug/m3

*1218 ppb C on August 20, 1986
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. TABLE 4-2
TYPICAL RANGE OF ATMOSPHERIC CONCENTRATIONS OF
CHEMICAL SPECIES INVOLVED IN CHROMIUM CHEMISTRY

(Seigneur)

AEROSOL SPECIES® GASEOUS SOLUBLE SPECIES
Chemical Typical Chemical Typical
Species Concentrations Species Concentrations

v 0.0013 to 0.022 pg/m3 S0z 10-3 to 10~2 ppm
Fe 0.026 to 0.59 zg/m3 HCOOH 10-5 to 10-3 ppm
Mn 0.002 to 0.03 ug/m3 CoHsOH - 10-6 ppm
Ce 0.00002 to 0.0005 ug/m3 _HgS 0 to 0.01 ppm
F 0.001 to 0.01 pg/md Hﬁoz 10-6 t0710'5 ppm
cl 0.01 to 0.09 ug/md
Br 0.07 to 0.15 pg/md
I 0.0004 to 0,003 ag/3
K 0.01 to 0.15 ug/m3
Na 0.05 to 0.35 pg/m3
Pb 0.045 to 0.72 pg/m3
Cu 0.003 to 0.028 ug/m3
In 0.007 to 0.10 ag/md
As 0.0003 to 0.026 ug/m3
$02° 1.0 to 70 sg/n3
- N0y 0.0 to 4 ug/md
NHy 0.2 to 8 pg/m3
Ca2*  0.01 to 0.25 ug/m3

*Concentrations réported are for fine aerosols (less than 2 um
in diameter). '
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4.8 REACTIONS BASED ON AVAILABLE THERMODYNAMIC, CONCENTRATION AND KINETIC
DATA
4.8.1 Equilibrium Reactions
. [ ]

The report of Seigneur was reviewed and potentfally significant reac-
tions {dentified assuming a maximum upper 1imit for Cr(III) of 10 pg/m3 and
104 g Hp0/m3. These equilibrium reactions of Cr(III) are:

Reactant Concentration Potential Product  Product Formed?
OH- 10-10M . Cr(OH)3 No
5042~ 1 - 70 pg/m3 Cr2{S04)3 -No
NO3- 0 - 4 ug/m3 Cr(N03)3 No
F- 0.001 - 0.01 ag/m3  Crfx3-x © 99+% of Cr3*
c1- 0.01 - 0.09 ug/md crcls No
cre12+ 30% of Cr3+

Next to be considered are the Cr(VI) equilibrium reactions that are
likely to occur based on concentrations available, including Cr(VI) at 10
pg/m3 and H20 at 10-4 g/m3.  Again the report of Seigneur was reviewed to
identify such reactions; these reactions are:

Reactant Concentration Potential Product Product Formed?
K+ 0.01 - 0.15 pg/m3 K2Cr04 No
KCr04~ 14% of Cr0s-
K2Cr207 No
Na+ 0.05 - 0.35 pg/m3 Na2Crog4 No
NazCrp07 No
NHq* 0.2 - 8 uyg/m3 (NHq) 2Cr0q No
L (NHg) 2Cr207- Only at high
Cr(VI))/NHg*
Pb2+ 0.045 - 0.72 pg/m3 PbCrO4 Yes

Cus+ 0.003 - 0.03 pg/md CuCrog No
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Reactant Concentration Potential Product Product Formed?

zn2+  0.007 - 0.10 ag/m3 ZnCrog No
ZnCr04:Zn(0H) 2 Yes °
CaZ+ 0.01 - 0.25 pg/m3 CaCrog No
s042- 1 - 70 pg/md Crs072- ggli;at high
4
S02 10-3 - 10~ ppm Crs0g2- Negligible

4.8.2 Reduction/Oxidation Reactions

The second major type of reaction to consider Qased on concentration
of available reactants and laboratory-determined kinetics are the reduc-
tion/oxidation reactfons. Potential reactions of Cr{III) to Cr(VI) are as
follows:

Reactant Concentration Potential Product Product Formed?
03 200 ppb ' cr{vl) No
H202 0.1 - 2.5 ppb Cr(VI) No
Mn03 0.03 ug/m3 cr (V1) Significant if MnOp

2+% of total Mn

Finally, we consider the oxidation reactions of Cr(Vl). The predominant
species in the pH 1 - 5 range found in the aerosols will be HCr04=, Cr042-
and Cr207-. Seigneur calculated reaction rates based on kinetic data taken
from the literature; reactions which could occur at significant rates at
Cr(VI) concentration of 10 pg/m3, H20 at 10-4 g/m3 and the reductant at its
maximum concentration as presented in Table 4-2 are as follows:

Reactant  Concentration Potential Product Reaction Rate

e+ 0.022 pg/m3 cr(III) - Rapid,
’ ‘ _ 100+% per
hour
V3 0.022 pg/m3 cr(III) Moderate
vo2+ 0,022 pg/m3 Cr(I11) Moderate
FeZ+ 0.59 pg/m3 Cr(111) Rapid
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Reactant Concentration Potential Product Reaction Rate

e ———————————

HSO03~ 0.1 pg/md cr(111) " Low
As3+ 0.026 ag/m3 cr(111) oLow

4.9 CONCLUSION

Upon review of this data, it appears that several conclusfons can be
drawn. The first is that the Cr(III) species will consist principally as
the soluble F- and C1- complexes. Second, Cr(VI) will be precipitated as
PbCr04 and probably as ZnCr04:Zn(OH)2. :

oxidation of Cr(III) to Cr(VI) by MnO2 is possible if the MnOz concen-
tration is high enough. It is not 1ikely that the MnO2 concentration is
high as it also acts as an oxidizing égent with NO2, SO2 and other reducing
agents 1ikely to be present. Therefore oxidation of Cr(III) to Cr(VI) is
not expected to occur to any significant degree.

The reduction of Cr(VI) to Cr(III) does seem more probable. The reac-
tions with V2*+, v3* and V02* are rapid if such specfes exist in the aero-
sols. This is not 1ikely since the HVO4~ species is apparently the major
environmental species (22). The reaction with Fe2* {s rapid, but again,
this 1s a species not likely to exist in high concentration in the aero-
sols. One reaction likely to occur is the reaction with HSO3-. Finally
there is the question of reactions with organic species. The concentra-
tions reported for formic acid and ethanol by Seigneur are low and the
reaction rates for these species are about 10-9 to 10-12 of those for the
vanadium species and 10-7 to 10-8 of those for the HSO3~ species; however,
the concentration for total organic carbon 1s approximately 104 to 106
times the levels of these two organic species and 102 times the HSO3~ spe-
cies. (Tabie 4-1) This would indfcate that the reaction of Cr(VI) with
organic species is still slow relatfve to its reaction with HSO3~ unless
the HSO3~ were lower than expected and the rates of reaction of the Cr(VI)
with organic species other than formic acid and ethanol were much more
rapid than those with these two species. In order to answer this gquestion,
more fundamental reaction kinetic studies will need to be performed and

speciation of other substances which potentially react with Cr(VI) are
necessary. '
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5.0 LABORATORY MEASUREMENT STUDIES

5.1 INTRODUCTION

The initial phase of this study involved the selection of an analyti-
cal technique capable of the speciation and measurement of the hexavalent
chromium compounds in-ambient air. Initially, a literature search was
conducted to identify any potential techniques that would conform to the
following criteria:

1.

2.

The method must provide adequate sensitivity for ambient air lev-
els. Specifically, the method should be capable of detecting
Cr(VI) at_the approximately 5 ng level for a 15 m3 air sample (or
«0.3 ng/m3).

The method must be specific for Cr(VI). Cr(III) must not
{nterfere with the method.

The method should be free of other interferents (i.e., free of
those 1§terferences found in ambient air under all expected con-
ditions).

The method should be precise; the precision (Cy) should be ten
percent: or better at typical low ambient air levels; i.e.,
~1 ng/m3 or a total Cr{VI) sample loading of 10 to 15 ng.

The method should be reasonably rapid, and utilize instrumentation
that is accessible to the typical small analytical laboratory.

The method should be fairly rapid and simple. Considerable care

and expertise should not be required by the method.

If possible, the method should allow for the "simultaneous®
measurement of both Cr(III) and Cr(VI) from the same sample.

If possible, the method should allow for the in-situ measurement
of Cr(VI).

The method must be compatible with a sampling technique capable of
collecting and preserving the Cr{VI) species.

Such a Cr(VI) sampling technique must have the following characteristics:

1.
2.

The device must be efficient; )95 percent.

Filters or impingers should be capable of passing air volumes of
up to 15 m3 in 24 hours or less.



3. The device must be capable of preserving the chromium oxidation
state during the sampling period.

4. The chromium species should be efficiently removed from the samp-
1ing device with a minimum of simple manipulation.

5. The sampling material should be readily available and of minimal

cost.

The sampling method ideally should be established prior to selection
of the analytical/measurement methods. A wide variety of filters have been
utilized for collection of ambient air particulate matter. These have
included glass and quartz fiber filters, and polyvinylchloride (PVC) and
Teflon membranes (23). Also, combinations of the above have been employed,
such as Teflon-coated glass fiber (23). In addition, various paper filters
have been utilized for.the collection of ambient species. '

Glass fiber filters generally exhibit excellent efficiency (D99 per-
cent) for particles as small as 0.3 uM (24). However, glass fibers are
generally not desirable for the determination of ambient levels of Cr(III)
because of the difficulty in obtaining low blank values. In addition,
extraction procedures invariably result in solutions that must be centri-
fuged prior to sample introduction into instrumentation. Cellulose paper
filters (such as Scheicher and Schnell Fast Flow papers) tend to leave
residues upon extraction, yet they are efficient and exhibit low pressure
drops. Such devices have been used even for collection of gaseous species
such as S0z, NH3, and HNO3 when a coating has been applied (25-28).‘ Even
though such materials are potentially more reactive toward Cr(VI), they can
readily accept various coatings that could be useful in Cr(VI) collection.

5.2 SAMPLING

Only two sampling devices were considered early in the study, PVC
(5 sM) and Teflon (0.8 uM) membranes. The reasons for this included:

e Both devices were already in use by CARB; PVC for Cr(VI) and Teflon
for total chromium sampling.

e Both devices have low background values for species to be collected
(€3 ng Cr(VI) for PVC, <2 ng total Cr for Teflon).



e They do not impart any residue to the resultant extraction solu-
tion.

o Impinger solutions are considered relatively inconvenient to mani-

pulate during both sampling and shipping.

PVC membranes were used throughout both the measurement study and the
reaction chamber tests. While Teflon membranes are suitable for both spe-
cies, they are somewhat less convenient to use for Cr(VI) analysis due
primarily to the fact that they are not *wet" as easfly as PVC by the
Cr(Vl) extraction solution.

However, it became clear from the results of the chamber tests that
membranes (PVC or Teflon) may not be the ideal collection medium for
cr(V1). Throughout the chamber tests, it was cons1§tent1y apparent that
. after 24 hours of exposure to a wide variety of typical atmospheric poil-
lutants, Cr(VI) was decaying to Cr(III) at significant rates ranging from
50 percent to more than 90 percent. In addition, the flow rates used dur-
ing the chamber tests ranged from 3 to 5 liters per minute {nstead of the
10 to 15 liters per minute used customarily by CARB during 24-hour sam-
pling. Therefore, one might assume that during a typical 24-hour sampling
period, one would obtain a very low estimate of the true Cr(VI) content,
perhaps as low as ten percent. Since this conclusion was reached during
the planning stages for the field study, it was felt that some reference
device must be used in conjunction with the PVC filters to provide a com-
parison. It was felt that such a device must be able to stabilize the
Cr(VI) species during collection. Since the scenario for conversion ap-
peared‘to be Tow pH conditions in the presence of trace organics, it
appeared that the need for some buffering action at neutral or higher pH
was necessary. Also, the sample extract or resultant impinger solution
should be compatible with both the CARB atomic absorption and the Dionex
fon chromatographic measurement methods.

A pH 7 impinger solution appeared to be the most expedient approach to
this problem. As a result, three such solutions were evaluated:

o Potassium acetate (0.01 M; pH ~7)

e Sodium acetate (0.01 M; pH ~7; ultra pure)

e CARB Method ADDLO06 Buffer with the APDC Cr(VI) complexation
reagent
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The CARB reagent was prepared in the same manner as would be done during
typical sample extractions. Smith-Greenberg impinger trains typically used
for stationary source sampling (U.S. EPA Method 5) were employed in these
experiments. One hundred milliliters of the test solution were placed in
each of three impingers in series. One hundred nanograms of Cr(VI) (as
K2Cr207) was placed in the first impinger. The impinger assembly was
placed outside the RTI laboratory and air was drawn through at flow rates
of 30 to 40 Lpm for six hours. In parallel to the impinger train contain-
ing Cr{(VI) was a second impinger train containing no Cr(VI), to serve as a
control. Subsequent to sampling, the test solutions were carried through
the CARB complexation/atomic absorption analytical method; i.e., pH adjust-
ment to 4.8 followed by extraction, absorption on the Sep-Pak material,
desorption, and graphite furnace atomic absorption analysis. The first
test compared potassium acetate and Method ADDLOOS solutions, After cor-
recting the resultant Cr(VI) levels for the control sample Cr(VI) values, a
recovery of 56 percent was obtained for the Method ADDL006 solution, where- .
as 108 percent of the Cr(VI) was recovered from the potassium acetate solu-
tion. An additional test was run under the same conditions. A similar
trend was observed--109 percent recovery for the acetate solution and only
24 percent recovery for the CARB buffer. One drawback to the acetate solu-
tion was the somewhat high Cr(VI) blank level--approximately twice that of
the Method ADDLOO6 reagent. As a consequence, an ultra pﬁre reagent from
Spex Industries, 99.999 percent pure sodium acetate, was purchased. This
reagent y1e1ded blank values that were one-third that of the potassium
salt. A third test conducted under the same conditions as the first two
tests ylelded 102.5 percent recovery in the acetate buffer (0.01M) and <20
percent recovery for the CARB buffer. As a consequence, 1t was felt that
an impinger sampler would provide a useful reference value for comparison
with the PVC filters, or even be relied upon to provide the bulk of the
-Cr(Vvl) data from the subsequent field tests.

In the subsequent fie]d.test, personnel from both CARB and Entropy
Environmentalists conducted ambient sampling at a chrome plating facility
in the Los Angeles area. This field test is further described in the
section entitled "Field Ztudies." Analysis by CARB personnel of the CARB
field samples indicated tnat the RTI-type sampler provided levels of Cr(VI}
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that were from four to 27 times that obtained from the CARB PVC filters.
These results are included in Appendix A.

5.3 MEASUREMENT

The analytical method developed at CARB involving complexation/extrac-
tion followed by graphite furnace atomic absorption (GFAA) was the first to
he evaluated. Briefly, the method involves the complexation of Cr(VI) with
ammonium pyrollidine dithiocarbamate (APDC) at a pH of 4.5. The complex is
then absorbed on a resin and desorbed with acetone. The residue of the
evaporated acetone extract is digested in nitric acid and analyzed by GFAA
(Appendix B). Initial experiments entailed the spiking of laboratory pure
water with chromium levels ranging from 10 to 50-ng (Table 5-1). Blanks
showed Cr(VI) levels as high as 70 ng, higher than the highest spiking.
Possible sources of contamination considered at this time included the
Ultrex nitric acid and the acetone used to extract the chromium complex
from the sorbent. Evaporating to dryness two grades of acetone (semicon-
ductor grade and HPLC grade), dissolving the residue with Ultrex nitric
acid (0.2 mL) and bringing to two {2) mL volume with laboratory pure water,
no significant chromium levels were detected ({5 ng). Three additional
sources of contamination were considered:

¢ Glassware
= APDC
e Buffer soTution

when the buffer and APDC solutions used in the procedure were analyzed
directly by GFAA, less than one nanogram per milliliter (1 ng/mL) was de-
tected at this time. During a recovery study using spikes of 1 to 40 ng of
Cr(VI), high blanks were sti11 observed (»25 ng). Evaluating water as a
source of contamination proved to be somewhat problematic. Fifty mL ali-
quots of water in scrupulously clean glass beakers were brought to near
dryness, dissolved in 0.2 mL Baker Instra analyzed or Ultrex HNO3 and di-
luted to 2 mL with laboratory pure water. One to eight nanograms of Cr(VI)
were detected with no significant difference indicated between Ultrex and
Baker Instra analyzed nitric acids. A comparison of several in-house
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TABLE 5-1
SOLUTION SPIKING RECOVERY RESULTS

ﬁ

cr(vI) Cr{VI) Spike ‘
Spike (ng) Recovery (ng) X (ng)
0 17.4, 19.0 18.2
10 19.2, 25.0 2.1
30 19.2, 43.0 31.1

50 49.2, 45.6 47 .4

——— P ———————— ———— T ———————————
e ————————— e




laboratory pure water systems showed no difference or significant water
levels--approximately 2 ng per 50 mL of water. Laboratory pure water
supplied by CARB contained about 7 ng Cr(VI) per 50 mL versus 6 ng Cr(VI)
per 50 mL with RTI pure water.

At this point it was decided to reevaluate the possible contamination
of the APDC reagent. One hundred mL of the APDC solution were extracted
with 40 mL of chloroform. Subsequent analyses of three blanks yielded
acceptably low Cr(VI) values--approximately 4 ng Cr(VI) per 50 mL of ex-
traction solution. A brief recovery study of blanks and 40 ng spikes again
showed blanks of 4 ng or less and recoveries of the spikes averaging 92
percent. It can only be speculated that there had been an indeterminate
analytical error in the previous analysis of the APDC solution. A series
of precision/recovery tests was then conducted using spiked solutions and
PVC filters. Again, loadings were in the range of 10 to 50 ng. Results,
which are shown in Table 5-2, {ndicate that recoveries exceeded 95 percent
and the precision ranged from 3.0 to 9.8 percent C.V.

A technique based on the EPA Coprecipitation Method 218.5 (29) was
evaluated next. This method, which is inciuded in Appendix C, involved the
precipitation of Cr(VI) species with lead nitrate at pH 3.5 * 0.3, followed
by centrifugation, dissolution of the precipitate in nitric acid, and mea-
surement of the digest by GFAA. The initial recovery study performed on
spiked solutions ranging from 10 to 80 ng showed poor recoveries below
40 ng (Table 5-3). Three deviations from the method were employed:

« The method was operated at Cr(VI) levels much lower than that for
which 1t was originally designed.

o Plastic (instead of glass) centrifuge tubes were used.

e The final dissolution volume was much lower (2 mL) than the 50 to
100 mL called for in the method.

The use of glass tubes yielded similar recoveries in the 0 to 40 ng
range--50 to 69 percent. It was observed from these tests that with normal
centrifuging the precipitate was spread around the wall of the tubes in-
stead of at the bottom. Therefore, when the supernatent 1iquid was de-
canted, it was proposed that much of the precipitate was carried away,
resulting in low recoveries. It was decided to allow the solutions to sit
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TABLE 5-2
RECOVERY STUDY
CARB METHOD ADDLO06

P ———————— g

ng ng, Blank Percent
Sample Recovered Corrected Recdvery
SOLUTIONS
Blank #1 4.2
Blank #2 5.4
10 ng Spike #1 13.5 8.7 87.0
#2 15.1 10.3 103 98.8 + 9.5
#3 15.7 10.3 109 CV = 9.5%
# 14.4 9.6 96.0
25 ng Spike #1 32.9 28.1 112
#2 28.0 23.2 92.8 104 + 10.3
#3 29.5 24.7 98.8 cv = 9.8%
#4 33.2 28.4 114
50 ng Spike #1  55.4 50.6 101 |
#2 48.8 44.0 88.0 95.5 + 5.6
#3 53.8 49.0 98.0 CV = 5,8%
#4 52.2 47.4 94.8
FILTERS
Blank #1 ) 4,1
50 ng Spike #1 51.3 46.6 93.2
#2 57.5 52.8 106 99.1 *+ 5.0
3 55.0 50.3 101 CV = 5.0%
#4 55.2 50.5 101
#5 52.3 47.6 95.2
25 ng Spike #1 28.2 23.5 94.0 ‘
#2 29.1 24.4 97.4 X =96 + 14
# 30.8 26.1 104 CV = 14.7%
#4 23,1 18.4 73.6
#5 32.4 27.7 111 w/o Result #4
X =102 + 7.5
CV = 7.4%
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TABLE 5-3
RECOVERY STUDIES
EPA METHOD 218.5

Mean
Spiking Recovery (ng) Percent
Level (ng) N=2 Recovery
0 {2 ---
10 : 2.7 27
20 18.2 67
40 34,8 87
80 72.0 | 90

ﬁ
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overnight following the precipitation step to localize the Tead chromate
precipitate. However, analysis of the resulting precipitate again yielded
low recoveries (29 to 57 percent) over the 10 to 80 ng range. It 1s possi-
ble that the use of an ultracentrifuge may overcome the recovery problem at
the 0-50 ng level. However, at this point, due to the lack of access to
such instrumentation, it was decided to cancel further tests.

The other two analytical methods considered for Cr(VI) speciation in-
volved fon chromatography (IC). Dionex Corporation provided the required
equipment for these experiments, as well as the basic chromatography de-
tails. These methods are described in detail in Appendices D and E. 1In
summary, hexavalent chromium ions are separated in an ion chromatographic
transition metals column possessing both anfonic and cationic character.
The hexavalent chromium, once separatedA(by anion exchange), is complexed
with the diphenyl carbazide (DPC) color reagent and_the visible absorbance
{s measured photometrically at 520 nm. Although the system is capable of
also detecting Cr(III), this latter determination is relatively insensitive
for ambient applications. It was assumed that this method would only be
suitable for the analysis of filter extracts due to the expected detection
1imit of 0.3 ng per liter of extract. The analysis of a series of stan-
dards in the laboratory yielded a detection 1imit at least as low as that
advertised by Dionex Corporation. If Cr(VI) were collected on a membrane
filter and desorbed (for example, in 5 mL of eluent), then the method would
have more than adequate sensitivity. Three filters were spiked at the 10
ng level and desorbed in 5 mL of the eluent solution. This was accom-
plished by placing the filter in a culture tube, adding the solution,
covering with parafilm, and manually shaking for one minute. The extract
was then manually injected into the ion chromatograph (a Dionex Model 14)
equipped with a 250 uL sample loop. Reroveries of 25-50 ng Cr(VI) for twc
filter types averaged better than 90 percent; the precision was better than
seven percent (Table 5-4). It was concluded that the method was rapid
[(five minutes elapsed time from sample preparation to measurement of
or{VI)], sensitive, and precise. A typical chromatogram is shown in
Figure 5-1., However, at this time, it was determined in separate experi-
ments that the stability of Cr{VI) on membrane filters was not acceptable
during ambient air sampling, and as a consequence, it was felt that a

5-10



TABLE 5-4
TON CHROMATOGRAPHY--FILTERS

_—___n—___——-—__._——————__'_——_ﬂ—_———'——-—__

. ng Percent
Sample Recovered Recovery

PVC FILTERS

50 ng Spike #1 50.0 - 100 .
#2 51.7 103 102.2 + 2.2
#3 52.5 105 Cv = 2.1%
# 50.0 100
#5 51.7 103

25 ng Spike #1 24.6 98.2 -
#2 23.3 93.1 95.2 + 3.7
3 22.4 , 89.7 CV = 3.9%
#4 24.2 96.6
#5 24.6 98.2

1% NA2CO3 COATED WHATMAN 41 FILTERS

50 ng Spike #1 49.1 98.2
12 48.2 96.4 99.8 + 2.7
#3 50.0 : 100 Cv = 2.7%
#4 51.8 104
#5 50.5 101

25 ng Spike #1 22.7 90.9
#2 26.5 : 106 98.3 + 6.7
#3 24.6 98.2 Cv = 6.8
#4 26.0 104
#5 23.2 92.7

T —

e —————



Summary of Conditions

Sample Size: 250 ul |
Columns: HPICLLCGS, Cation Guard Column
HPIC-CSS, Cation Separator Column
Bluant Flow Rate: 1.0 mUmin |
Post Column Reagent I
Flow Rate: Q5 mi/min
Detection: VIS at 520 nm
0.5 ppm Cr*6
(as NaxCrog)
l 10 ppb Cr*6
[ (as NazCr0a)
|
| crtl
'[ 10 ppm
| J ¢ -
l ' [

I 1 i ] 1 1 T 1
2 4 -] 8 3 -] ]
Minutes Minutes
(A) Separations of Cr+3, ¢r+6 (8)  Typical Ambient Air

Sample Extract

FIGURE S-1
TYPICAL POST COLUMN REACTION CHROMATOGRAMS
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buffered impinger solution (pH 27) that allows for the stabilization of the
Cr(VI) species should be employed for sampling. Dionex Corporation recom-
mended that a preconcentration technique be employed prior to injection
onto the column to compensate for the larger volume associated with the
impinger (30). A schematic of the IC system with and without a concentra-
tion column is shown in Figure 5-2. Instead of using a 250 sl Tnjection
loop, the Cr(VI) from solution samples of up to 50 mL might be concentrated
onto a smaller column initially, then "injected” onto the separator column
for separation and photometric detection. Theoretically, this could result
in a Cr(VI) concentration factor of up 200X. A calibration curve was pre-
pared.in the one to five ng range. The calibration curve linearity was
quite acceptable, yielding a correlation coefficient r of >0.999. The
1imit of.detection was calculated to be approximately 0.1 ng corresponding
to an alr concentration of approximately 0.01 ng/m3, assuming a 14 m3 air
sample drawn through a membrane filter (assuming a suitable one was de-
veloped). However, this level is somewhat unrealistic since the minimum
detectable quantity will be related to the blank value of the analyte. One
1imit to the volume of sample extract used during preconcentration is the
strength of buffer used in the extraction of a filter or in an impinger. A
solution too high in ionic strength will result in the overloading of the
preconcentrator celumn, or breakthrough of the Cr(VI) species prior to
injection of the preconcentrator column contents onto the analytical col-
umn. Figure 5-3 depicts this breakthrough effect of Cr(VI) when dfssolved
in 0.05 M NagCO3. After only two milliliters of solution are loaded onto
the preconcentrator column, breakthrough begins to be evident. Based on
these tests, it is evident that the weakest possible concentration of buf-
fer required to stabilize Cr(VI) species during sampling must be utilized.
Subsequent tests utilizing a 0.02 M NapC03 sample solution show that the
Cr{VI) response is linear to approx1mate1y 10 mL.

A brief interference study was conducted utilizing 1nterferent load-
ings up to 20 times that of typical environmental levels. Experimental
parameters shown in Table 5-5 result in less than ten percent change in
recovery over the control sample. Analysis of the same samples using CARB
AA Method ADDL006 indicate a 20-24 percent loss in recovery compared to the
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Relative Intensity

Response vs. Sample Volume

ION CHROMATOGRAPHY--PRECONCENTRATION METHQD .

T I 1 ] I

1 2 3 4 5
mL of 0.05 M Na,CO, Solution
Taken for Analysis

FIGURE 5-3
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. TABLE 5-5
INTERFERENCE STUDY PARAMETERS

——%

" Species A (ng) 8 (ng)
cr(vI) 25 50
Pb 1,000 2,000
Ag 50 100
Ba 50 100
ca - 50,000 100,000
Mn 50 100
Fe 10,000 20,000 -
S04 25,000 50,000

— —
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control samples. A detailed procedure outlining the preconcentration fon
chromatographic technique is shown in Appendix E.

A brief stability study was conducted for sample solutions collected
using the acetate impinger sampling technique. The study was conducted
over a thirty-day period. Two sotution types were evaluated--one with
Cr(VI) spiked into pure impinger solutions and the second spiked into
actual field impinger solutions. Results obtained by ion chromatographic
analysis indicated almost complete conversion.

Subsequent studies with 0.02 M NazC03 buffer solutions demonstrated
excellent stability. The reanalyses of four field impinger samples after
60 days in storage demonstrated no measurable conversion (see Table 5-6)..

Recently an additional technique has been evaluated by the Texas Air
Control Board (31). This method involves collection of the hexavalent
specieé employing a glass fiber high volume sample filter. Plugs are re-
moved with a device such as a cork borer and are desorbed in a weakly alka-
line solution containing ethylene diamine. The resulting extract is divid-
ed into two portions. To one portion 1s added an fon exchange resin to :
selectively remove Cr(VI). The total chromium content in each solution is
then measured using inductively coupled plasma emission spectrometry (1cP).
The Cr(V1) levels are then obtained by difference between the two values.
The method is described as being labor-intensive and, in its present form,
appears to lack the required sensitivity for ambient applications.” A mini-
mum detectable Cr(VI) air concentration of 5 ng/m3 is quoted, as opposed to
less than 0.5 ng/m3 for the CARB method or either ion chromatographic tech-
nique. In addition, this detection limit is obtained using a 2000 m3 sam-
ple instead of the 10-20 m3 utilized in the other techniques described in
this report. It may be possibte to improve this detection limit by util-
izing graphite furnace atomic absorption for chromium measurement. How-
ever, a major drawback involves the indirect measurement of the Cr(VI)
species. If Cr(III) values are high (e.g., greater than 200 ng/m3), Tow
values of Cr(VI) (e.g., less than 20 ng/m3) will be difficult to measure,

A measurement precision of, e.g., five percent, represents 20 ng/m3 of
Cr(VI) at the 200 ng/m3 level of total chromium! This latter drawback

appears to be the greatest impediment to the method's‘appl1cab{1ity to
ambient air measurements.
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TABLE 5-6
FIELD SAMPLE STABILITY STUDY2

—.__——-_——-——————-——-"‘-_—_

Sample A Sample B - Sample C
Sampling Date 2/11/88 2/11/88 2/23/88
1st Analysis Date 3/1/88 3/1/88 3/1/88
2nd Analysis Dateb 4/10/88 - 4/10/88 4/10/88
1st Analysis (ng/mL) 6.0 8.2 2.7
2nd Analysis (ng/mL)} 6.2 8.8 2.9

ety —— 50—} ———— e —————— S ——— S —— A A —
________.—..—_—..—.o——_-——_

aSamples in 0.02 M NazC03 matrix, analyzed by fon chromatogranhy,
preconcentration method

bsamples stored at 4°C (refrigerated)
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6.0 REACTION CHAMBER TESTS

6.1 INTRODUCTION

Theechamber reaction studies, which were designed to simulate those
ambient conditions to which Cr(VI) specles would be exposed, were conducted
in the following overall manner: '

1.

Eight or more 37 mm membrane filters (Teflon or PVC) were spiked
with levels of Cr(VI) (ranging from 20 ng to 1,000 ng, depending
on the test conditions). Initially, this was performed by pipet-
ting known quantities of solutions onto the filter and then drying
at room temperature in a vacuum dessicator. Later, the Cr(VI)
spiking was performed by creating an aerosol with an inhaler de-
vice and allowing the aerosol to merely deposit without pumping
onto the filter surface. The aerosol was created inside a plastic
can with a fan inside to disperse the aerosol as much as possible,
thereby optimizing the uniformity. Nevertheless, since some in-
homogeneity was anticipated, CARB suggested the use of a 1ithium
internal standard in the solution to be aspirated. In this way,
the 1ithium content could be measured, in addition to the Cr(VI)
species, in order to provide a means of monitoring- the variability
in the Cr(VI) loadings. A schematic of the aerosol generator is
shown in Figure 6-1.

Six of these filters were placed 1n a sampling manifold conta1n1ng
37 mm polystyrene filter holders with backup pads.

The sampling manifold was located in the environmental chamber.
Initially, the chamber was one constructed of plexiglass or other
plastic materials wherever possibie. A schematic of the initial
test chamber design is shown in Figure 6-2. Later, the design of
the chamber was changed (for reasons to be explained in this sec-
tion) to that of an all-aluminum design. An aluminum "suitcase®
approximately 2 feet x 2 feet x 1 foot was fitted for a gas re-
actant inlet and for the sampling manifold (Figure 6-3).
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4. During exposure to the various test reactants, a sampling flow of
3 to 5 Lpm was maintained through each filter, A calibrated crit-
ical orifice was used to regulate flow through each filter.

5. Pollutants were introduced into the top of the chamber by a vari-
ety of means. 0Ozone was generated by an ozone generator utilizing
pure oxygen irradiated by an ultraviolet source. Atmospheres of
species such as 502, NO2, xylene, and benzene were prepared from
dilutfons of gas cylinder concentrations. Nitric acid (HNO3) and
formaldehyde (HCHO) were generated from permeation devices avail-
able from Vici-Metronics (Santa Clara, CA). The verification of
HNO3 concentration was performed by sampling in parallel with a
nylon filter, desorbing the filter in an aqueous medium, and per-
forming an ion chromatographic analysis of the resultant nitrate
ion. Formaldehyde levels were monitored using hydrogen peroxide
impinger samples and subsequenf ion chromatographic analysis of
the formate fon. A number of other species were evaluated in
these tests, and test conditions regarding these potential reac-
tants will be described in detail later in this sectionm,

6. During the test, two filters were removed at each predesignated
time interval. For instance, it may have been decided to remove
the first two filters after eight hours, two more after 20 hours,
and the last two after 40 hours.

7. The filters were then analyzed using CARB Method ADDLOO6. A por-
tion of the Cr(VI) extract was saved and analyzed for the Tithium
content to correct for any variability in the aerosol deposition.

6.2 EXPERIMENTAL

The individual tests will be described in detail in this section,
Initial tests were conducted to identify the major actors in Cr(VI) reac-
tivity. Levels used were not intended to closely simulate ambient condi-
tions. Also, the early tests served to evaluate the experiment test design
and equipment. For instance, after Test 16, the aluminum chamber was used
because of large levels of reactive organic species o¥f-gassing from the
plastic chamber and adhesives causing considerable Cr(VI) conversion, but
only in the presence of HNO3 or HC1 species. It was therefore learned in
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these early tests that low pH and the presence of reactive oxidizable spe-
cies were the major factors in Cr(VI) reduction. Later tests simulated
more close]y those ambient conditions found in the Los Angeles area in
1986. Table 4-1 provided a basis for the later chamber experimental condi-
tions. However, for simplicity, only one oxidizable species was used at
any one time. Since levels of organic species in Los Angeles might be
expected to reach more than 200 ppb, this was represented by one compound
at the 200-300 ppb level. Generally, species such as HNO3, 03, and formal-
dehyde were maintained at realistic levels. HC! was used in place of HNO3
in one test to determine if the H* contribution from HNO3 was the major
issue or if HNO3 was playing a more direct role in the oxidation/reduction
scenario. (The former appeared to be the case.)

Summary data for the thirty-two test runs are included in Table 6-1.
Also, plots of each test showing Cr(VI) loadings versus time are shown In
Figures 6-4 through 6-28.

Test 1. Eight filters were spiked with 1 ag Cr(VI) each by means of a 1 mL
pipet. The filters were then exposed in the plexiglas chamber to a nitric
acid aerosol concentration of eight parts per billion by volume (ppbV) and
formaldehyde at a concentration of 68 ppbV. Due to incorrect experimental
calculations, an unrealistic level of 3 ppm NO2 was added to the system.
The relative humidity ranged from 78 to 95%. Air temperature in this test
and subsequent tests was 25°C. The test atmosphere was drawn through the
filters at a rate of 4.7 Lpm. Two filters each were removed and analyzed
for Cr(VI) content, after 8, 24, and 48 hours. Two additional unexposed
filters were analyzed for a "time zero" reference value (tg). After 8
hours, 28% conversion was obéerved, and nearly 98% conversion was detected
after 24 hours. It was subsequently determined that the Ci{YI) species
(K2€r207) had been inadvertently spiked onto cellulose ester membranes
instead of PVC. This was sfgnificant in 1ight of the following two test
results. ‘

Test 2. The test conditions were similar to those for Test 1 except that
PVC membranes were spiked (1 pg) and the humidity was less than 10%. Fil-
ters were removed at 4, 7, and 24 hours. Eleven (11) percent conversion
was abserved after 24 hours.
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TABLE 6-1

REACTION CHAMBER TEST SUMMARIES

__—___——____.—————————'____———"—__—'_—_——__—_——-'—_—___-—

Approximate
cr+6 Recovered (ng)b Percent
Chamberd - - Conversion
Test No. Reactant o t1 t2 t3 After 24 Hrs
"1 |HNO3--7.7 ppbV
HCHO--68 ppbV
03--100 ppbV
NO--3,000 ppbV
S02--25 ppbV
RH--80 to 90%
1,000 470 20 20 98
(8 hr) (24 hr) | (48 hr)
2 HNO3--6.7 ppbV
HCHO--41 ppbV
RH--<10% :
1,000 870 830 890 11
(4 hr) [(7.5 hr) |(24 hr)
3 HNO3--8.1 ppbV
HCHO--50 ppbV
RH--60-90%
1,000 ~1,000 ~1,000 920 8
1(4 hr) | (7 hr) (24 hr)
4 HNO3--46 ppbV
HCHO--35 ppbV
RH--<10%
750 708 788" ‘760 {5
(4 hr) (8 hr) (24 hr)
5 HNO3~-none added
|HCHO-~671 ppbV
RH--80%
671 601 636 555 17
(4 hr) {8 hr) | (24 hr)
6 HNO3--46 ppbV
HCHO--35 ppbV
RH--70%
21.3 9.3 3.4 1.2 90
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TABLE 6-1

REACTION CHAMBER TEST SUMMARIES (Continued)

Approximate
T - ¢r+6 Recovered (ng)P Percent
Chamberd Conversion
Test No. Reactant to t t2 t3 After 24 Hrs
W
7 HNO3--46 ppbV
HCHO--35 ppbV
RH--<10%
158 10.1 2.2 1.2 99
(16 hr) | (20 hr) | (24 hr)
8 NOT RUN
9 HNO3-none added -
HCHO--108 ppbV
RH~-~<10% :
13.5 23.7 22.7 25.6 <5
(4 hr) (21 hr) |(24 hr)
10 NOT RUN
11 HNO3--43 ppbV
HCHO-none added
RH--<10%
18.0 9.2 12.7 4.4 76
(4 hr) (8 hr) | (24 hr)
12 HNO3--38 ppbV
HCHO-none added
RH-~<10%
54.2 43,5 35.1 13.6 75
(4 hr) (7 hr) |(24 hr)
13 HNO3-~7 ppbV.
HCHO-none added
RH--25%
117 64 59 13 . 89
(4 hr) (7 hr) | (22 hr)




ﬁﬁ

TABLE 6-1

REACTION CHAMBER TEST SUMMARIES (Continued)

Approximate
cr+6 Recovered (ng)b Percent
Chamber Conversion
Test No. Reactant to t t2 t3 After 24 Hrs
=—_'—_——-;——=# ——————
142 HNO3--12.8 ppbV
HCHO-none added
RH--19%
303 245 218 73 76
(4 hr) (7.5 hr)| (24 hr)
152 HNO3--24 ppbV
"IHCHO-none added
RH--20%
(---)e 35 18.3 5.8 >80
(4 hr) (7 he) | (23 hr)
162:f |KMnOg--~1000 ng
- |e3--110 =
RH--20%
Cr+3--~100 ng
3.9 5.0 1.3 0.1 {5%
: (4 hr) (7 he) | (24 hr) |(Cr*3 o
NO MEASURABLE Cr*6 FORMED Cr+6)
179 HNO3--18.4 ppbV
HCHO-none added
RH--23% ,
50 43 47 44 ~10
(4 hv) (7 hr) | (23 hr)
18 HNO3--18 ppbV
HCHO--15 ppbV
RH--20%
71 56 50 50 30
(4 hr) (7 hr) | (23 hr)
19 HNO3--18 ppbV
: HCHO--173 ppbV
RH--20%
37 24 17 5.6 ~80
(4 hr) (8 hr) | (72 hr)
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TABLE 6-1

REACTION CHAMBER TEST SUMMARIES (Continued)

—

———

— ——

———

Approximate
Cr+6 Recovered (ng)b Percent
Chamber Conversion
Test No. Reactant to 14 t2 t3 After 24 Hrs
= —_————— ]
20 HNO3--22 ppbV
Propylene-314 ppbV
RH--35%
62 54 25 22 60
(16 hr) | (24 hr) | (40 hr)
21h HNO3-none added
Benzene-293 ppbV
RH--15%
21 12 10 18 <20
(7 hr) (34 hr) | (72 hr)
22h HNO3-none added
m-Xylene-315 ppbV -
RH--15% . .
96 (180)1 80 75 <20
: (7.3 hr) | (18 hr) | (21 hr)
23 HNO3-none added
m=-Xylene-207 ppbV
RH--18%
33 29 21 13 ~35
(6 hr) (24 hr) | (95 hr)
24 NOT RUN
25 HNO3-none added
v+2..~80 ppbV -
RH--18%
57 57 65 70 <10
(5 hr) (21 hr) | (45 hr)
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TABLE 6-1

REACTION CHAMBER TEST SUMMARIES (Continued)

#

-|Approximate
cr+6 Recovered (ng)b Percent
Chamber a Conversion
Test No. Reactant to ty t2 t3 After 24 Hrs
26 HNQ3--22 ppbV
V+2--~80 ppbV
RH--18%
23 6 5 0.1 78
(6 hr) (22 hr} | (92 hr)
27 HNOz-none added
Fetc--~80 ppbV
RH-~-20% .
180 198 200 162 <10
(5 hr) (21 hr) | (46 hr)
28J HNO3--17 ppbV
HCHO--173 pphV
RH--12%
Cr*6 from Cool- 78 44 31 19 60
ing Tower Water (6 hr) (25 hr) | (48 hr)
29 HNQ3--20 ppbV
m-Xylene-337 ppbV
RH--15%
NOT _RUN :
Cr*6 Aerosol Generator Failure
30 HNO3--20 ppbV
benzene-315 ppbV
RH--20%
NOT RUN
Cr*6 Aerosol Generator Failure
31 HNO3-~15 ppbV
m-Xylene-313 ppbV
RH=-=30%
50 338 24 10 52
(8 hr) (24 hr) | (71 hr)
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 TABLE 6-1 .
REACTION CHAMBER TEST SUMMARIES (Concluded)

——__._.—-—_——_"_——-———_=—-—-—————— ——

Approximate
cr+6 Recovered (ng)b Percent
Chamber - Conversion

Test No. Reactant to 13| t2 . After 24 Hrs

32k HNO3--15 ppbV
HCHO--320 ppbV
RH--30%

55 50 38 - -— 30
(7 hr) (23 hr)

aysing plastic chamber

banalysis by CARB Method ADDL006

Cn = 2: normalized to Lithium Internal Standard where app11cab1e
dcr*6 1oading via aerosol deposition for this and subsequent tests
eAnalytical problem with tg filters

fFilters spiked w/KMnOg, Cr+3 as CrCl3; Crté measured

gAluminum chamber used thereafter instead of plastic to minimize "organics”
contribution from chamber.

hcrt6 results not normalized; no lithium internal standard analysis.
{Suspected contaminatfon in one of the to filters.

JFi1ters were aerosol-spiked using actual cooling tower water.
kF{1ters were pipette-spiked using actual chrome plating bath solution
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CONVERSLAN (V)

CONVERSION ())
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FIGURE 6-4: CHAMBER TEST 1
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FIGURE 6-5: CHAMBER TEST 2
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FIGURE 6-7: CHAMBER TEST 4
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FIGURE 6-9:

CHAMBER TEST 6

6-15

HNO3-<46 ppbV
HCHO-~35 ppbV
RH=--70%



CoNvVERSION (V)
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FIGURE 6-10: CHAMBER TEST 7
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FIGURE 6-11: CHAMBER TEST 9
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FIGURE 6-12: CHAMBER TEST 11
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FIGURE 6-13: CHAMBER TEST 12
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CONVERSIAN (%)
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FIGURE 6-14: CHAMBER TEST 13
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FIGURE 6-15: CHAMBER TEST 14
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CONVERSION (V)
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FIGURE 6-156: CHAMBER TEST 15
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FIGURE 6-17: CHAMBER TEST 17
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CONVERSION (L)
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FIGURE 6-18: CHAMBER TEST 18
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FIGURE 6~19: CHAMBER TEST 19
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FIGURE 6-20: CHAMBER TEST 20
100+ HNO3-none added
g Benzene-293 ppbV
RH=--15%
. to- .
z
=
® a4
a o
»
X 40
<
u -
204
.0
i T
L - n Li 3 1
20 o« s 80

CXPOSURE TIME (hewrt)

FIGURE 6-21: CHAMBER TEST 21

6-21



cConviasien (1)

100+ HNO3-none added
4 m-Xylene-315 ppbV
RH--15%

80+ :

44+

40

20+

™ T |4G* - o= . v ) ’
3 12 16 20 24 18
EXPOSURE TIME (hewrs)
FIGURE 6-22: CHAMBER TEST 22.
“""1 HNO3--none added
] V*25.~80 ppbV
RH--18%
_ so
=
e g+
: -
>
LTS
-]
u -
104

Sy

@ s 80

EXPASURE TI!MEI (hewrs)

FIGURE 6-23: CHAMBER TEST 25
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FIGURE 6-25: CHAMBER TEST 27
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FIGURE 6-26: CHAMBER TEST 23
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FIGURE 6-27: CHAMBER TEST 31
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FIGURE 6-28: CHAMBER TEST 32
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Test 3. The test conditions were similar to those for Test 2 except that
the relative humidity was in the 60-90% range. Filters were removed at 4,
7, and 24 hours. Again, less than 10% conversion was observed after 24
hours. At this peint it was assumed that whatever conversion had taken
place was minimal in relatfon to the large quantity of spiked chromium,
compared to typical ambfent levels. Apparently, the erroneously used
cellulose ester membrane (Test 1) provided a considerably reactive surface
for the chromium specfes.

Test 4. The experimental conditions were similar to those of Test 2 (dry
conditions). Again, the results indicated that no measurable conversion
had taken place. These results are in considerable conflict with Test 7.
Two possible explanations are the following: '
1. The Cr(VI) level used in Tests 1 to 5 was extremely high (closer
to source emission levels). Any Cr(VI) conversion under ambient

conditions might well be difficult to measure at the 1 ag Cr(VI)
level.

2. The method for Cr{VI) deposition (pipet) may have resulted in a
dried droplet that may not have been as easily accessed by the
experimental reactants.

As a result of the problems noted above, the aerosolization approach

for Cr{VI) deposition was taken after Test 5. This may explain why 150 ppb
Cr(Vl) was far more reactive than 1,000 ppb Cr(VI).

Test 5. The experimental conditions employed in Test 3 (humid conditions)
were repeated in this test. Seventeen (17) percent conversion was observed
after 24 hours. '

At this peoint, efforts were made to assemble the aerosol generation
system described previously (Figure 6-1). Inftially, five filters were ex-
posed to the test aerosol. An aerosol of LiCl generated by aspiration of a
1,000 ppm solution of LiCl showed poor distribution: + 60% represented by
1ithium loadings ranging from 51 to 130 ug (see Table 6-2). To determine
{f the internal standard téchnique was feasible for monitoring fluctuations
in the aerosol distribution, a solution containing 1,000 ppm 1ithium and
100 ppm copper was aerosolized. The distribution ratios were quite accept-
-able, resulting in a correlation coefficient r = 0.994 (see Table 6-3).
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TABLE 6-2
AEROSOL DISTRIBUTION STUDY
USING A LITHIUM INTERNAL STANDARD

Filter No. pg/mL Lithiumd Total ug
1 o130 130
2 5.1 51
3 9.0 %0
4 12.8 128
5 12.0 - 120

________—...————-———‘————"_—————-—-—_——_—

adetermined by extraction with 10% HNO3 and
measurement by flame atomic absorption

TABLE 6-3
AEROSOL DISTRIBUTION STUDY
DETERMINATION OF LITHIUM/COPPER RATIO

—————————————————————
e —————————————"

Filter No. pg/mL Lithium pg/mL Copper Ratio L1/Cu

1 7.9 0.86 .109
2 4.5 0.43 .096
3 7.4 0.77 .104
4 2.6 0.28 .108
5 9.3 1.06 14
r LI/Cu = correlation coeffictent
= 0.994



When an atmosphere confa1n1ng Li, Cu, and Cr was generated, the cor-
relation was not as acceptable, as shown in Table 6-4, The correlation
coefficient between chromium and copper was 0.976, between chromium and
Tithium was 0.977, but 0.996 between copper and lithium. This implied
scatter in the chromium data, possibly due to the much lower levels of Cr.
However, it was decided that these data nevertheless provided a means of at
least determining a trend in the Cr(VI) data over the 24- to 48-hour per-
{fod. A1l subsequent filter loadings for chamber tests were performed in
this manner.

Test 6. Using a solutfon containing 5 gg/mL Cr(VI) (as potassium dichro-
mate) and 1,000 ppm Li (as LiCl), a low level Cr(VI) aerosol was deposited
on eight PVC filters (~ 20 ng). Again, two filters were saved for t, de-
termination, and additfonal pairs of filters were removed at 4, 20, and 26
hours. The test atmosphere used contained approximately 50 ppb HNO3 and 35
ppb formaldehyde. Also, a relative humidity of 70% was used in this test.
Fifty-six percent conversion was observed after 4 hours and 84% after 20
hours. Ninety-five percent conversion was indicated after 26 hours.

Jest 7. Using a test atmosphere containing similar levels of HNO3 and
formaldehyde, but under dry conditions ({10% RH), six filters containing
approximately 150 ng Cr(VI) were exposed and removed after 16, 20, and 24
hours. Ninety-four percent conversion was noted after 10 hours, and great-
er than 95% was observed after 20 hours.

Test 8. This test was cancelled due to problems with the test atmosphere
generation.

Test 9. Samples spiked with the aerosol generator for ten minutes and
exposed for up to 24 hours to formaldehyde in the absence of nitric acid
indicated no measurable conversion of the Cr(VI) species. Approximately
25 ng were loaded onto the filters. The relative humidity was <10%.

Test 10. This test was cancelled due to problems with the test atmosphere
generation.
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TABLE 6-4
AEROSOL DISTRIBUTION STUDY
USING LITHIUM/COPPER/CHROMIUM AEROSOL

.W‘__—_.—__————————_——__-—-

Filter No. Cr Cu ¢t Cr/Ld
1 0.55 1.03 26.4 .0210
2 0.50 0.76 19.7 .0253
3 - 0.62 1.59 38.0 .0163
4. 0.52 0.84 21.0 .0247
5 0.63 1.34 33.0 .0191
1B 0.68 1.93 43.5 .0156
28 0.51 0.73 17.9 - .0284
6 0.53 0.84 21.2 .0250

J e —_———

r Cr/Li = 0.977
r Cr/Cu = 0.976
r Cu/Li = 0.996
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Test 11. Filters spiked with approximately 20 ng were exposed with nitric
acid in the absence of the formaldehyde species but otherwise under the
same conditions used in Test 9. After eight hours, 29% of the Cr(VI) spe-
cies had been reduced. After 24 hours, 76% conversion had taken place.

Jest 12. The above conditions (Test 11) were repeated. After seven hours,
36% conversion was observed, while 75% of the Cr(VI) species had undergone
 decay after 24 hours. These results were regarded as similar to those of
Test 11. The relative humidity was <10%.

Test 13. When conducting another test under similar conditions (except
relative humidity of 25%), 45% conversion was observed after four hours and
89% after 22 hours. '

Test 14. This test was again conducted under similar conditfons to esta-
blish a chemical explanation for the conversion in the absence of formalde-
hyde. Since significant conversion was observed in this test as seen in
Tests 11 and 12, it was decided that the plexiglas chamber was contributing
significant levels of reactive organic species through some off-gassing
process. Nevertheless, 1t was decided to determine if similar results were
obtained using an HC1 atmosphere instead of the HNO3 atmosphere in order to
determine if the conversion mechanism of the acid species used was essen-
tially a pH phenomenon as opposed to the redox characteristics of HNO3.

Jest 1 . When filters were loaded with approximately 30 ng Cr(VI) and ex-
posed to 24 ppb HCl1 and relative humidity of 20%, the same trends found in
Tests 11 to 14 were seen. Approximately 50% conversion was seen after
seven hours, and 84% conversion after 23 hours. This appeared to indicate
that the H* contribution was the major contribution of the HNO3 species
used in previous and subsequent tests, not the HNO3 molecule itself,

Jest 16. In this test, filters were aerosol-spiked with a 5 ppm solution
of Cr(II1I) (CrCl3) in the presence of 50 ppm KMn04 and exposed to ozone
(~100-200 ppb). Exposed filters removed after 4, 7, and 24 hours were
analyzed for Cr(VI) content to determine if any Cr(III) oxidatfon had oc-
curred. However, after 24 hours, none had taken place.
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In response to the possibility of contribution of organic species by
the plexiglass chamber materials, an alternate chamber (shown in Figure
6-3) was constructed of all aluminum as described previously. At the same
time, the atmosphere inside the plexiglass chamber was sampled in an evacu-
ated stainless steel can designed for this application and analyzed for
individual gaseous organic compounds by gas chromatography in the flame
jonization detection. Organic species found included a variety of unsatu-
rated carbonyl and aromatic organic compounds. The total concentration of
these latter species exceeded 300 ppbV, thereby accounting for the measur-
able Cr(VI) conversion rate, even in the absence of added organic species.

Test 17. ‘Ut11iz1ng the new aluminum "chamber,* spiked filters were exposed
to HNO3 vapors in the absence of added organic species. Over a 24-hour
period, only approximately 10% conversion of the Cr(Vl) species was ob-
served. This latter result verified the necessity for the presence of an
organic or other oxidizable species under low pH conditions to promote
reduction of Cr(VI) species. All subsequent tests were conducted in this
aluminum device.

Test 18. Under conditions similar to those in Test 17 but with 15 ppb
formaldehyde added, 20% conversion was observed after four hours and 30%
conversion was observed after 23 hours. However, the level of formaldehyde
used was cdnsjdered unreafist1ca11y Jow in relation to typical atmospheric
organic species concentrations.

Test 19. Noting that the total organic species employed is Test 18 was far
below that normally encountered in ambient (200 ppbV or greater), it was
decided to utilize far more concentrated HCHO atmospheres. Test 19 results
reflect an atmosphere containing approximately 20 ppbV HNO3 and 175 ppbV
formaldehyde. After eight hours, a conversion of 55% was measured. After
72 hours, 85% conversion had taken place.

Test 20. Using an alternate organic species, propylene (at 300 ppb), the
following test results were observed. Thirteen percent conversion was

observed after 15 hours, 60% after 24 hours, and 65% after 40 hours.
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Tests 21 through 23 were inadvertently conducted in the absence of nitric
acid. Benzene and meta-xylene were selected as the “oxidizable" organic
species. Although a small amount of unexplained conversion was neverthe-
less observed, the m-xylene test was répeated later (Test 31) to determine
what increased effect nitric acid would demonstrate in the reduction pro-
cess.,

Jest 25. Divalent or trivalent vanadium species are suspected of promoting
Cr(VI) reduction. Efforts to generate an aerosol of V+2 were made by pul-
sing an aspirated 0.5 sg/mL solution of VClo onto exposed filters. It was
determined that an approximately 15-hour time period was required to pro-
duce a total of 100 pg exposure to the Cr(VI) species. Utilizing no HNO3
atmosphere, Cr(VI)-spiked filters were exposed to an approximately 200 ng
loading of V+2, No measurable conversior was observed.

Test 26. The conditions for Test 25 were reproduced for Test 26, but HNO3
was added, Seventy-five percent conversion was observed after six hours
and no Cr(VI) was detected after 94 hours (>99.5%) conversion). These
tests indicated that the V+2 compounds were the most reactive species
tested to date. '

Test 27. Substituting Fe*2 species (FeSOq) for V*2 species and utilizing
an atmosphere containing HNO3 (nominal 20 ppb) no conversion of the Cr(VI)
species was observed.

Test 28. Filters were loaded with an actual cooling tower solution sup-
plied by Entropy Environmentalists. Filters spiked with this solution were
exposed to HNO3 and 300 ppb formaldehyde in the aluminum chamber. Forty-
five percent conversion was observed after six hours, 60% after 25 hours,
and 75% after 48 hours,

Jest 31. Fifty (50) nanograms of Cr(VI) was deposited onto PVC filters by
pipette (due to problems with the aerosol generator). The filters were ex-
posed to 310 ppb m-xylene to repeat Test 23 but with 15 ppb HNO3 added.
Fifty-two (52) percent conversion was observed after 24 hours (compared to
35% without HNO3), and 75% conversion was observed after 71 hours.
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Test 32. Hexavalent chromium from an actual chrome plating bath solution
was deposited by pipette on filters and subjected to exposure to 320 ppbV
formaidehyde and 15 ppbV HNO3. Thirty percent conversion was observed
after 24 hours.

A summary of individual cr(VI) half 1ife values for those chamber
tests deemed to most closely approximate actual ambient conditions is shown
in Table 6-5. To qualify for this criteria, the test had to incorporate
both an acid species (5 to 50 ppb) and an easily oxidizable species in the
50 to 400 ppb range. The average half life was found to be 12.9 hours
(+ 5.8 hours).

Additional experiments correlating individual particle behavior with
reactivity were planned in this study through the use of an electrodynamic
balance (32). However, difficulties with the particle balance operation
forced RTI investigators to abandon this sei of experiments and concentrate

efforts more fully on more important questions, such as the chamber reac-
tivity tests.
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. TABLE 6-5
ESTIMATED Cr(VI) HALF LIFE DURING CHAMBER TESTS

—— —

Chamber " Estimated
Test No. cr{vI) ng Half Life (Hrs) Commentsd
6 21 9 Plastic chamber
organics ~300-400 ppb
7 158 7 | Plastic chamber
organics ~300-400 ppb
11 18 10 Plastic chamber
organics ~300-400 ppb
12 55 12 . ~ Plastic chamber
‘ organics ~300-400 ppb
13 117 7 Plastic chamber
organics ~300-400 ppb
14 303 15 Plastic chamber
organics ~300-400 ppb
15 35 (est.) 7 Plastic chamber
organics ~300-400 ppb
19 37 11 173 ppb HCHoOb
20 62 24 314 ppb C3HgP
26 23 15 80 ppb v+2b
28. .78 15 173 ppb vb
31 50 23 313 ppb m-Xyleneb

Average Half life = 12.9 hrs. (+ 5.8 hrs.)

3HNO3 concentration ranged from 7 to 46 ppb; Organics were a variety of

species resulting from off-gassing of plastic chamber and adhesives.
baluminum chamber
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7.0 FIELD STUDY
7.1 INTRODUCTION

®The third major phase of the study was designed to verify the general
cr(VI) reactivity trends observed in the laboratory reaction chamber tests
through the use of actual field samples. This was carried out using two
approaches:
« An ambient sampling study near two Cr(VI) sources, a chrome plating

facility and a cooling tower, measuring Cr(VI) at distances up to
2 km from each source

e A field reaction study to verify the laboratory chamber tests
through the use of true ambient air samples typical of the
Los Angeles area

Each analytical method employed in the measurement of the field sam-
ples was subjected to a series of quality control/quality assurance proce-
dures. These included the analysis of duplicate aliquots of quality con-
tro] solutions, spikes, and reagent blanks. Duplicate aliquots of impinger
solutions were not available. The entire solution was utilized for each
result. to provide maximum sensitivity. Spikes results were judged dccept-
able in the 80-120% recovery range. DOuplicates were + 10% (except at the
lower quantifiable limit), quality control sample values were within 10% of
the expected value, and blanks in Method ADDLOO6 were in the 1-3 ng range.
Duplicate filter analyses were utilized for the field reaction study.

Quality assurance procedures utilized during field test sampling are
" indicated in Appendix F.

7.2 THE AMBIENT SAMPLING STUDY

At each Cr(VI) source, one upwind and four potential downwind ambient
stations were employed. A meteorological data station was set up near each
source to determine wind speed and direction. In addition, sulfur hexa-
~ fluoride (SFg) tracer experiments were conducted &t each site to verify
emission or plume location. Plot plans of each site are shown in Figures
7-1 and 7-2. Each station contained two ambient sampling units for filter
sampling and one ‘set of three impinger trains. One filter sampling unit
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FIGURE 7-1
PLOT PLAN OF CHROME CRANKSHAFT SHOWING SAMPLING LOCATION
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FIGURE 7-2
PLOT PLAN OF THE ARCO REFINERY
SHOWING SAMPLING LOCATIONS (RELATIVE To CT9)
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used polyvinylchloride (PVC) membranes, while the other used Teflon mem-
branes. Teflon membranes were used for total chromium measurements, while
PVC membranes were intended for both total chromium and Cr{(VI) collecticn.
Impinger samplers were taken using Smith-Greenburg impingers filled with
0.01 M sodium acetate reagent. These devices (depicted in Figure 7-3) were
used as a reference method for Cr(VI) sampling. It was expected that some
total chromium information might be obtained from these devices, but ini-
tial tests indicated a great difficulty in obtaining low blank chromium
values. '

The information obtained from the ambient study was intended to pro-
vide:

e Cr(VI) and Cr(III) levels near the sources

e Some comparison of PVC filters versus sodium acetate impingers in
terms of Cr(VI) sampling efficiency

+ Some measure of the Cr(VI)/Cr(III) ratio at each downwind sampling
site in order to quantitate the rate of conversion
The details of the field test conducted by Entropy Environmentalists
are included in the field test report in Appendix F.

7.3 RESULTS

Samples obtained in the vicinity of the chrome plating facility gener-
ally contained measurable levels of hexavalent chromium, especially at the
*near downwind" sites approximately 0.5 km from the emission source. Of
seven tests run at this site, four (4) were judged complete and, from
these, Cr{VI) concentrations ranged from 26.3 ng/m3 to 315 ng/m3. Results
of these four tests are shown in Table 7-1. Although not part of the work
plan, the ambient data were also used to calculate the relationship of
Cr(VI) to total chromium in order to determine if the ambient data might be
used to estimate Cr(VI) conversion rates as a function of distances from
the source. Due to the lack of (1) useful total chromium data at the
source, and (2) measurable Cr(VI) levels farther than the near downwind
sampling position, it is felt that, with the exception of Run 8, the ambi-
ent data could not be used to provide conversion estimates. In Run 8, the
ratfos arc likewise somewhat unreliable but indicate that the Cr(VI) levels

. 7-4
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TABLE 7-1-
AMBIENT SAMPLING TEST RESULTS
NEAR CHROME PLATING SOURCE3

et e et e

Run No. Position No. Cr(VI)(ng/m3) Total Cr (ng/m3) Cr(VI)/Total Cr

3 0-Upwind 2.7 10.3 N/A
1-Predicted DW 2.3 8.4 0.27
2-Near DW 33.5 c ' -—-
3-Far DW 3.7 19.1 0.19

5 0-Upwind 2.6 (153) N/A
1-Predicted DWP 110 102 ~1.0
2-Far OW 7.6 18.3 0.42
3-Location 3 1.2 10.9 0.11
4-Location 4 <0.5 4.8 0.1

7 0-Upwind 1.9 51.3 N/A
1-Location 1 26.4 74.7 0.35
2-Location 2 <{0.5 11.7 0.1
3-Location 3 0.5 16.6 <0.1
4-Location 4 {0.5 4.1 0.1

8 0-Upwind 2.4 <3 N/A
1-Predicted/

Near DW 316 340 0.93
2-Far DW 14.3 24,7 0.58
3-East of Source 10.3 28.3 0.36
4-North of Source 13.8 20.7 0.67

aImpinger samplers used with Method ADDLOO6 measurement
Bpownwind

CDefective Sample (no flow)

N/A - Not Applicable



are a significant portion of the total chromium levels at all sampling
locations (see Table 7-2). '

An additional aspect of the field sampling study was the evaluation of
the analytical methodology. There were two goals:

o That the tentatively developed sampling method using the acetate

{mpinger could be compared to the PVC membrane filter presently
being used by CARB

e That the CARB Method ADDL006 could be compared to the ion chrom-

atographic methods :

It was decided that data from the CARB field test of October 1987
could be utilized for the sampling method comparison., This test did, in
fact, involve a comparison of the two methods and indicated that, in gener-
al, the fmpinger technique provided a Cr(VI) estimate of three to 27 times
that pfov1ded by the PVC membrane. These data are included as Appendix A
of this report, and are summarized in Table 7-3. The measurement component
of Method ADDLOOG was used for all field samples since the method was amen-
able to both impinger and filter samples. Samples from Runs 2 and 3 were
analyzed by both ADDL006 and fon chromatography. The results, shown in
Table 7-4, indicate that the IC results are biased 18% higher with respect
to Method ADDLOO6. It should be noted that the IC analyses were conducted
using direct injection, which is relatively insensitive. The resulting
data are close to the lower quantifiable 1imit (LQL) for this particular IC
method. Additional field sample measurement comparison data, shown in
Table 7-5, were cbtained from a subsequent Los Angeles area field test in a
cooperative effort with the South Coast Air Quality Management District.

By contrast, these data show Method ADDLOO6 to be biased high by an average
of 8.8%. These data are perhaps more reliable due to the larger vclumes
taken for IC analysis. The IC analysis utilized preconcentration prior to
sample injection. These data are presented for purposes of measurement
comparison only. The sampling data are not available at this time. As a
consequence, results from Table 7-5 are unavailable for the purposes of
providing ambient test data.

Ambient sampling at the cooling tower facility provided an added dif-
ficulty due to Cr(VI) levels that were, in general, close to the detection
1imit. Measurable levels of Cr(VI) on two days could be provided.
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TABLE 7-2
FIELD TEST NUMBER 8

Results in ng (Normalized for flow)*

-
Sample cr(vl) Total Cr Cr(VI)/Total Cr
Position 1 1104 1193 0.93
Position 2 93 158 0.59
Position 3 65 179 0.36
Posttion 4 77 116 0.66

*Cr(VI) results from acetate impinger
Total Cr results from Teflon filters

TABLE 7-3
FIELD TEST COMPARISON OF Cr(VI) COLLECTION DEVICES
PVC FILTERS VS. 0.05 M NA2CO3 IMPINGER

Results in ng/m3d

NazC03
' Buffered
Field Site No. PVC Impinger Factor (Imp/PVC)
1 1.3 13.9 10.7
2 10.2 47.3 4.6
3 6.5 30.2 4.6
4 0.9 13.3 14.8
5 1.5 41.5 7.7
6 6.9 25.0 ' : 3.6
7 4.7 19.2 4.1
8 2.6 26.0 10.0
9 2.4 8.6 3.6
10 7.4 29.0 3.9

11 : 4,6 19.8 ' 4.3

aMethod ADDLOO6



TABLE 7-4
MEASUREMENT METHOD COMPARISON USING FIELD SAMPLES
CARB METHOD ADDL006 VERSUS ION CHROMATOGRAPHY

[ng Cr(VI) Per Sample]

___,———-——__—.__—.—'——_——-—————-—“—_——
Sample No. Ion Chromatographyd ADDLOO6

CC-02-15-11 850 640
cC-02-15-12 825 . 600
CC-03-15-21 175 161
CC-03-15-22 50 38
CC-03-1S-41 175 165
CC-03-IS-61 200 - 183
€C-03-15-62 150 123

ﬁ

apirect injection

TABLE 7-5
MEASUREMENT METHOD COMPARISON--
ADDLO06 VERSUS ION CHROMATOGRAPHY
Results 1n ng Cr(VI)

R —— A — e —— e E————————

Sample No. Ion Chromatography ADDLO06
1 185 229
2 434 423
3 149 190
4 306 353
5 988 1203
6 4550 4260
7 1060 1300
8 270 307
9 133 121




Five (5) other tests were conducted. Hexavalent chromium values were
too low to be detected. Total chromium values {obtained from Teflon
filters) are provided in Table 7-6. The field test personnel believe that
several factors may have contributed to these low Cr(VI) values. The
dilution rate from the cooling tower(s) was so great it was difficult to
provide adequate quantities of SFg to verify the plume location (see
Table F-4 in Appendix F).

A summary of wind direction data can be found in Table F-4 of Appen-
dix F. The wind was expected out of the east in the morning. In the
afternocon the wind generally came off the ocean. Deviations to this pat-
tern are found in Appendix F(C), which contains wind direction data. An
examination of these data indicates that the wind direction at the chrome
plating facility was generally steady, while winds at the cooling tower
site were highly variable. There were other occasions where sampling
personnel felt that they were located downwind of the cooling towers (at
least for short periods) but may have not sampled the emission plume due to
its altitude. In one test (Run 10), field test personnel could actually
feel the mist (drift) from the cooling tower(s). This was not the case
during the other tests. However, even for this test, the Cr(VI) values
were close to the lower quantifiable 1imit, or about five to ten times the
detection Timit. ‘

In general, it was felt that the SFg data correlated well with the
Cr(VI) ambient data. For example, SFg levels for Run 8 were the highest of
the chrome plating tests, as were the Cr(VI) levels. This is true also for
the cooling tower Run 10. Here again, the levels were among the highest of
the cooling tower tests. Runs 11 to 15 yielded nearly nondetectable levels
of SF5. A summary of SFg tracer results can be found in Table F-4 of Ap-
pendix F. Agafn, the SFg tracer tests were used to verify, not locate, the
emissfon plume. Had more personnel been available, the SFg test may also
have provided additional means of locating the plume.

Cr(III) concentrations were high enough to be easily measured but did
not correlate wel! with wind direction and sampler location in relation to
nearby cooling towers. Two observations of the total chromium data are '
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TABLE 7-6
AMBIENT SAMPLING TEST RESULTS
NEAR REFINERY COOLING TOWER

ﬁ

Run No. Position No.  Cr(VI){ng/m3) Total Cr (ng/m3) Cr(VI)/Total Cr

9 ~ 0-Upwind ---b 77 ---b
2-DW 10.4 33 0.32
10 0-Upwind 1.0 42 0.02
1-Due West of
Tower Bank 2.1 30 0.97
2-Straight OW 9.3 No data
3-Drift from
Another Tower 8.0 99 0.08
11 0-Upwind ND (2; 39
1- ND (<2 52
2- ND (<2) 43
3- ND (£2) 24
4- ND (<2) 102
12 0-Upwind ND {<2) 38
1- ND (<{2) 16
2- ND (<2 22
3- ND (2 17
4- ND (<2) 59
13 0-Upwind ND (<2) 23
1- ND (€2) 10
2- NO <2; 179
3- ND (£2 128
4- ND (<2) 766
14 0-Upwind ND (€2) 29
1- ND (<2) 52
2- ND (<2) 2
3- . ND <2; 60
4- ND ({2 46
15 0-Upwind ND (<2 77
1- ) ND (<2 76
2- ND (€2 241
3- ND ({2 133
4- ND (<2 38

aImpinger samplers used with Method ADDL006 measurement
bImpinger sample not available



perhaps worthy of note. First, those samples considered indicative of
upwind or background conditions (Location 0) provided chromium values usu-
ally equal to or greater than the near downwind samples (Runs 9, 10, 12,
15). Since there were no cooling towers west of Location O and this loca-
tion was probably out of any potential plume from nearby cooling towers,
this location probably provided chromium values indicative of the area
background levels; i.e., 20 to 80 ng/m3. Also, the sampling location orig-
inally designated as far downwind (4) frequently yielded higher chromium
values than those locations considered near downwind (Runs 11, 12, 13).
Actually, due to wind shifts, Location 4 frequently was the upwind posi-
tion. Cooling towers due south and east of location 4 (>1 km) may have
contributed to the chromium levels measured at that position. In general,
it appears that, due to high dilution rates and variable wind conditions,
no distinct plume could be located in this area, This is supported by the
SFg tracer studies. The Run 13 value of 766 ng/m3 total chromium [Cr(I1I)]
cannot be explained in light of any of the above mentioned sampling condi-
tions. Run 14 Cr{III) results were slightly lower fhan those of other
tests, probably due to rainy conditions that day.

7.4 THE FIELD REACTION STUDY

The primary goal of the field reaction study was the corroboration of
laboratory chamber reactivity tests: -"Was the Cr(VI) half 1ife of approxi-
mately 13 hours determined from chamber tests applicable to actual field
conditions?® An additional goal of the field reaction study was to deter-
mine 1f there was any significant photochemical input in the Cr(VI) conver-
sion process.

As a consequence, the field reactfon study was conducted in a manner
similar to the laboratory chamber tests. PVC and Teflon membrane filters
were "preloaded” at each source with levels ranging from approximately 10
to 60 ng of Cr(Vl). Twelve filters were loaded simultaneously in this
manner for each run. A diagram depicting the filter holder for this test
is shown in Figure 7-4. Two days were spent at each source to determine
. the optimum filter loading time to achieve the appropr!ate Cr(VI) loading.
Based on samples immediately sent to RTI for Cr(VI) analysis, a five-second
filter loading period was determined to be adequate at the chrome plating

7-12



HZaNEZaNEaN

!

STACK GAS FLOW

t

zi"-‘iili;x‘!'i-m

leoniEcmnuon
"

7-13

FIGURE 7-4
FIELD REACTION FILTER HOLDER



site, and a 30-minute period was determined to be appropriate at the cool-
ing tower facility. However, in retrospect, the five-second exposure at
the chrome plating site may have been too short, since all filter loadings
of Cr(vl) after the first day were less than 20 ng, near the lower quanti-
fiable 1imit (by Method ADDL006). Once the membrane filters were loaded at
the source, they were exposed to ambient air at an upwind or isolated site
according to the following scheme: ’

1. Three (3) filters were set aside for a “ty" reference Cr(VI)
value.

2. Three (3) filters were exposed for 12 hours to night conditions
only.

3. Three (3) filters were exposed for 12 hours to daylight conditions
only. -

4. The remaining three (3) filters were exposed for 24 hours to

combined day/night conditions.

Two of three filters for each exposure time were used to provide the
average values reported in Table 7-7. The details of the field reaction
sampling study sampling are included in Appendix F. ' '

Air quality in the Los Angeles area was generally good with levels of
nitrogen oxides (as well as ozone and carbon monoxide) below the clean air
standard during the entire field test. From this 1t could be inferred that
potentially reactive species were not at levels that would promote usually
rapid Cr(VI) reduction. .General air quality indicator data are included in
Appendix F(D). _ ‘

Results of seven (7) field reaction experiments from the chrome plat-
ing sites and three (3) from the cooling tower facility are shown in Tables
7-7 and 7-8. P]ots'depicting ¢r(VI) conversion versus time are found in
Figures 7-5 through 7-11. Filter loadings ranged from 11 to 49 ng for the
chrome plater and 29 to 63 ng for the cooling tower. Over a 24-hour peri-
od, the conversion ranged from 49 to 80% for the chrome plating facility
and from 39 ta 74% for the coolfng tower samples, A summary of the esti-
mated Cr(VI) half 1ife for each field reaction test is shown in Table 7-9.
Results indicate an average half 1ife of 16 hours (+ 6.9 hours), in good
agreement with that obtained during the laboratory chamber tests. The
Run 9 half 1ife value of 30 hours may appear to be somewhat outside of the
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TABLE 7-7

FIELD REACTION TESTS OF CHRCME PLATING SAMPLESA

Run No. Sample No. Cr(VI) Recovered (ng) Percent Conversion
r

2 Unexposed (tq)P 48.6C -
12 hr. night 44,3 <10
12 hr. day 24.8 49
24 hr. 27.0 44
Background {2

3 Unexposed (tq) 11.1 -—-
12 hr. night 18.3 55
12 hr. day 34.4 28
24 hr. 21.1 >80
Background {2

4 Unexposed (tg) 11.6
12 hr. night 9.6 _(Inadequate
12 hr. day 13.3 Sample)
24 hv, 11.3
Background 9.8

5 Unexposed (tg) 12.6 -
12 hr. night 12.3 <10
12 hr. day 12.3 <10
24 hr. 4.7 63
Background {2

6 Unexposed (to) 24.1
12 hr. night 18.3 (Indeterminate
12 hr. day 34.4 Data)
24 hr. 21.1
Background {2

7 Unexposed (tq) 18.6 -
12 hr. night 13.5 27
12 hr. day 15.0 19
24 hr. 5.2 72
Background {2

8 Unexposed (tg) 17.5 -——-
12 hr. night 5.5 69
12 hr. day 11.9 32
24 hr, 5.6 68
Background {2

™™™ —— ]

aValu_es. "corrected” for hackground
bynexposed (tg)--initial loading at source

CA11 Cr(VI) values are averages of duplicate filter analyses
for each time periced.
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TABLE 7-8
FIELD REACTION TESTS OF COOLING TOWER SAMPLESA

____-___________—__——-—————-‘——'_
_.____-———'-————-———____.____-—-—————————

Run No. Sample No. cr(vI) fecovered (ng) Percent Conversion

9 Unexposed (to)P 62.9 (25)¢ —
12 hr. night 43.4 (2.6)¢€ 31
12 hr. day 58.9 (2.6)¢ <10
24 hr. 24.2 39
Background {2

10 Unexposed (tg) - 28.5 . -
12 hr. night 13.5 53
12 hr. day 10.0 65
24 hr. 7.4 74
Background 1€

11 Unexposed (tq) 31 -
12 hr. night 17.4 44
12 hr. day 16.0 43
24 hr, 23.4 (25)
Background 4.0

aValues “corrected” for baEEEround
Bunexposed (to)-~1n1t1a1 loading at source

Clon chromatographic results 16 days later--these values reflect
. the instability of Cr(VI) in the acetate impinger
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TABLE 7-9 .
ESTIMATED Cr(VI) HALF LIFE DURING FIELD REACTION TESTS

_____‘_—__——..q—————-——_——'——.———-—-—'———_-—-_———

- Fleld Reaction Estimated
Test No. Half Life (Hrs.) Comments
2 12 Chrome Crankshaft
3 14 Chrome Crankshaft
5 21 Chrome Crankshaft
7 20 Chrome Crankshaft
8 13 Chrome Crankshaft
9. ~30 (est.)* ARCO
10 9 ARCO
11 : 12 ARCO

Average Half life = 16.4 hrs (+ 6.9 hrs.)

e ————7=7 T —
e —

*possible outlier--if excluded the average half iife ijs 14.4 hrs
(+ 4.4 hrs)--sti1] in excellent agreement with the laboratory results.




expected range over all of the field test results. Analytical problems
were evident in this particular run. Duplicate filter results for each
time period (To, T12N. T120. T24) demonstrated much more variability than
that usually encountered during these analyses. Subisequent IC analyses of
the same Run 9 samples indicated Cr(VI) values that had decreased by ap-
proximately 30 ng for each time period over that originally obtained by
Method ADDLOO6 due to Cr(VI) instability in the acetate medium. Data from
- this run might be considered suspect. If the Run 9 data point is dis-
carded, the average Cr(VI) half life for the field test is 14.4 hours
(+ 4.4 hours), remarkably close to the laboratory half 1ife value of 13
hours. However, this close agreement must be evaluated in relation to
previously mentioned rates regarding the generally “good" air quality dur-
ing the entire study.

Study of the data indicates the following:

e In the absence of more accurate ambient data, field reaction stud-

fes indicate that significant reduction of Cr(VI) is likely to take
place over hours instead of minutes.

e There is no apparent correlation between photochemical input énd
Cr(VI) reactivity.

e Both chromium sources demonstrated similar Cr(VI) reduction trends.

e There is a strong parallel between the field reaction study data
- and that obtained in laboratory tests.
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9.0 GLOSSARY OF TERMS, ABBREVIATIONS, AND SYMBOLS

CARB

cr(vI), Crt6
cr(ItI), cr+d
ng/m3

c.v.

PVC

Fet

v+, v+2
Organics

Co2

HNO3

Teflon

Mn02

in-situ

Impinger

Parafilm
mm

Plexiglass

california Air Resources Board
Hexavalent chromium

Trivalent chromium

Nanograms per cubic meter

Precision, as Coefficient of Variation
Polyvinylchloride

Ferrous ion

Reduced vanadium species

Generic expression referring to those oxidizable organic
compounds

Carbon dioxide

Nitric acid (atmospheric)

Generic expression for chlorofluorocarbon materials
Manganese dioxide

Measurement--real time analysis of the desired component-
-a given

A dynamic sampler utilizing the collection of a gaseous or

particulate species by passing through 1iquid absorption
medium

“ A pd]yner1c waxy film used to provide a temporary film on

containers
Mi1limeter

A generic expression referring to acrylic plastics
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December 9, 1986

Frances Cameron, P.E. .
Assoc..Air Resources Engineer

State of California

Air Resources Bonard

Toxic Pollutants Branch/

Compound Evaluation Section
P.0. Box 2815 )
Sacramento, CA 95812

Re: Scrubber Test Results

Dear Ms. Cameron,

As per your telecon with Mr, Jerry Miller, I am enclosing

copies of our recent wet scrubber test results. T trust
that this information is as you require to facilitate the

iuccessful evaluation procedures toward air emission guide-
ines.

Thank you for your assistance in these matters and if we can
be of further help, please let me know.

:

Very Truly Yours,

HHROME CRANKSHAFT CO., INC.

David S. Davies
Vice President

DSD
encl.
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Tauisdall LABOHRAT gRie3, tMZ.

LN 17207
CHROME CRANKSHAFT co.
¢ . 10/22/86
Test No: 1(as is make up Scrubber Inlet Scrubber
~ Flue Gas water) A B Outlet
Temperature, oF -73 75 oL
velocity, ft/sec 24.6 21.4 - 26.3
static pressure, in. H0 -0.95 -0.95 ~0.50
Flue Diameter, in. 24x24 24x24 27x35
Flue Area, Sag. ft. 4.00 4.00 6.56
Flow Rate, ACFM 5900. 5140. 10,300C.
, SCI'M 5750. 50Q0. 10,300.
, DSCFM 5680. 4930. 10,200.
1.2 1.1 1.3

Moisture, % by vol.

(11:10-12:10)(11:10—12:10)(11:10-12:10)

Chromium
Sample Volume, DSCF 28.83 27.18 29.28
Concentration
Total Cr, PFM 5.06 0.22 .04
, mg/m3 11.1 0.48 0.08
cr+6, PPM 3.75 0.16 0.0l
, mg/m 8§.22 0.35 5.C:z
Emission Rate, lbs/hr
Tot%l Cr 0.236 0.009 g.C03
Crt ) 0.175 0.006 0.001
Removal Efficiency, %
rotal €& ' | :
ta. . . 98.8
o 99.4
vol wit. meam  ms/u>, TE (.07
Y . .
) ft.-'{r‘:a" ~o3

A-2



‘TRUZSDAIL LABORATORIES, inNC.

LN 17207
CHROME CRANKSHAFT CO.
10/22/86
Test No: 2 (ph neutral- Scrubber Inlet . Scrubber
- Flue Gas make up water) A ' B ' Qutlet
Temperature, °F
Velocity, ft/sec
Static pressure, in. H30
Flue Diameter, in. 24x24 24x24 27%x35
Flue Area, Sq. ft. 4.00 4.00 6.56
Flow Rate, ACFM _
, SCFM ‘ (from Test 1)
, DSCFM 5680. 493G. 10,200.
Moisture, % by vol. ”E;L.l 1.8 1.9
Chromium (13:05-14:05)(13:05-14:05)(13:05-14
Sample Volume, DSCF 28.62 26.79 27.94
Concentration
Total Cr, PPM 3.84 0.39 0.12
, mg/m3 8.42 0.86 0.27
cr+6é, ppM 2.82 0.28 c.09
, mg/m3 6.18 0.61 0.20
Emission Rate, lbs/hr
Total Cr 0.180 0.016 0.010
cr+6 0.132 0.011 0.008
Removal Efficiency, %
Total Cr . 94.9
cr+6 4.4
3! W i f“_‘}x"‘-5 v
10 LebieF 2/
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TDUESDAIL LABORATORIES, INC.

LN 17207
CHROME CRANKSHAFT Co.
10/29/86
_Test No: 3 (clean make up water) Scrubber Inlet Scrubber
Flue Gas A B Qutlet
Temperature, °©F 79 81 69
velocity, ft/sec 23.6 25.2 27.8
Static pressure, in. H0 -0.98 -0.98 -0.43
Flue Diameter, in. 24x24 24x24 27x35
Flue Area, Sq. ft. - 4.00 4.00 6.56
Flow Rate, ACFM 5660. 6050. 10,900.
, SCFM . 5440. 5800. 10,700.
, DSCFM £300. 5650. 10,400.
Moisture, % by vol. 2.6 2.6 2.7
Chromium (12:20-13:20){12:19—13:19)(12:20—13
Sample Volume, DSCF 34.71 29.78 32.38
Concentration
Total Cr, PPM 1.54 0.25 0.01
, mg/m 3.39 0.17 0.02
cr+é, ppM 1.06 0.08 0.0l
, mg/m3 2.32 0.17 0.01
Emission Rate, lbs/hr
Total Cr 0.072 0.012 0.001
cr+6 0.050 0.003 0.001
rRemoval Efficiency, %
Total Cr 98.8
cr+é 8.1
F7

yy/a/'f- medh. MY 72’/:%‘-1
177 lpsct

3.7 :
respectfully submitted,

Truesdail Laboratories. Inc.

<

)

S. Rugh Brqwn,

Ui h oo

Supervisor

Air Pollution Testing

:20})
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£0UIPMENT DESCRIPTION

CHROME CRANKSHAFT CO. 48435 E. Florence Place, Bell Gardens

All tanks have 33 oz./gal. of chromic acid, cperating lé& hours/day
and S daye/week, with plating amperage varies between 4000 and &GQCO

TANK 1 - 3°<-4"W. X 24°-1%L. X 3’=9"H.
TANK 2 - 3’=4"W. X 20’=0"L. X 3/=-0"H,

TANK 3 - 3°=4"W, X 21’~-0%L. X 3’-7"H.

TANK 4 — 3'=4"W. X 18°-1"L. X 3’'=&"H.

TANK S ~- 3’=4"W, X 18/-0"L. X 3/=&"H.,

TANK & - 3'=0%"W. ¥ 18/-1"L. X 3'=4"H.

TANK 7 - 3°=-0"W. X 18/-0"L. X 3’-4"H.

TANK 8 = 3/=0"W. X 18°-0L. X 3’=35"H.

SCRUBBERS

SCRUBBER { - WET SCRUBBER, ERIKSON, 5’-0“W. X 12°~0"L. X 7/-S"H.,

WITH A 2 HP PUMP AND A 10 HP BLOWER. VENTING TANKS 1 & 2

SCRUBBER 2 — WET SCRUBBER, ERIKSON, S‘/-0“W. X 12/=0"L. X 6&7-7"H.,

WITH A 2 HP PUMP AND A 10 HP BLOWER. VENTING TANKS 3 & 4

SCRUBBER 3 ~ WET SCRUBBER, ERIK8ON, 5‘'-0"W, X 12/-0“L. X 87-0"H.,

WITH A 2 HP PUMP AND A 10 HP BLOWER. VENTING TANKS J§ & &

SCRUBBER 4 - WET SCRUBBER, ERIKSON, 5/-0"W. X 12‘=0"L. X 7°-11"H.,
WITH A 2 HP PUMP AND A 1S HP BLOWER. VENTING TANKS 7 & 8

Jd & CHROME PLATING CD., 4843 E, Florence Place, Bell Gardens

All tanks have 30 az./qal.a@ chromic acid, cperating 24 hours/day
and 7 days/week, with plating amperage varies between 4200 and 4500

amps.
CHROME PLATING TANKS

TANK 1 = 3/=0"W. X 3°-0“L. X ?7’=0"H. VENTED TO SCRUBBER 1.
TANK 2 - 2‘=6"W. X 5’=0"L. X 8‘-0"H. VENTED TO GCRUBBER 2.
TANK 3 - 2°-&"W. X 7/-0"L. X ?7‘'~-0"H. VENTED TO SCRUBBER 3.
TANK 4 - 2/=4"W, X 3’-6"L. X 7’'—-0"H. VENTED TO ECRUBBER 4.
TANK 5 - 2’=4"DIA. X 2'-?"H. VENTED TO SCRUBBER 4.
TANK & - 2'=6"DIA. X 2’/=7"H. VENTED TO SCRUBBER 4.

A-5



2eay Tt T v T

Srgqrag — O

vy ey — O Cviyold
| S aven0
g jurmdn 7 /.  snL

‘Id Uurtﬁ\k

wos puim uep &




. B

d

ell Gur, S o
i st 0©

B.-

L B

g

!tion
Basins

:.-;._“"g
e
' \?.

l
.
\ Y
—— . e
PR

&
-_:-'-30 ;
w 3

=
3|
'._U) §
: N
: €

L]
.

1000

A-7



State of California

M EMORANDUM

(-]

Frem

Gary Murchlison, Manager
§SD, Process Evaluatlion Section Date : November 2, 1987

Subject : Chromium +8
Analysis

/ZM/‘ :
Bob man, Manager
MLD, Laberatory Services sectlion

Alr Resources Board
Attached are the data for chromium +6 analyses you reguested for

the J & § Plating ang Chrome Crankshaft study. 8ased on our
preliminary analysis of the data, the impinger method appears to

give consistently higher results than the PVC fillter aethod.

This relatioenship Is comparabl!e to that reported by Research
Triangl!e Institute In thelr September 1987 progress report ta
Research Dlvision for the Cr+8 methods compar!iscn contract. |Note
that ons paint (site A PVC), taken on 10/7/87 appears to be an
outiier. it is the only PVC sample that shows a daily site A
sample lower than a site B sample. 1t a:so showed an abnormaliy
jow PYC/Impinger ratic. While this sample was re-z2nalyzed and
the original result validated, the fleld sampl ing conditions are
unknown and cou!d not be duplicated. In addition, the anaiysis
of the upwind PVC sample taken on 10/8/87 was below our
analytical detection limit of 0.4 ng/M3. These twe points were
renovsed and a least squares anaiysls plot of the remain.ng points
is presented in Figure 1. ’

Cauttlon should be used In Interpreting these reasults. While the
study design included 2 faboratory biank and a trip blank, ne
lmpinger blank provided. 0Or. Peter Grohse of RT! has
reported high Er+67ln impinger blanks analyzed for thelr current
South Coast Alr Wuallty Management District study. Our
laboratory has also-segn(6r+6)ln new glassware and has adopted 2
cleaaning procsdure invol 2 soak with copcentrated nitric acid
prior to use In Cr+8 analysls methods. In short, we do not know
the history of the impinger glassware. It Is possible that the
impinger sample resuits reflect 2 positive Cr+6 artifact.

Based on this preiilminary analysis, we recomménd that future
studles bes dssigned to Include an impinger blank. Addlitlonal
samples should be taken to confirm the validity of the method

results.

¢cec. Todd Wong
Catherine Dunwoody
Mike Poore
Dave Hartmann
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Saeramento Laboratory Sample Analysis Reguest/Rezcert Form
Monitering & Laboratoery Division - Latoratory Servicss Section

Pate Submitied: Conts-ai Mymber:

SSS/TPRS

1 1
i October 1, 1S87 112824 -~ 12372
t (]
Ma=s of Reguestor: i Ehone Numoer: | Exzecis 2
Gary Murchison ! 2-8521 | Octcber 12, 1S87
] [}
Anslve | v i arthie . ! Evnns-:ﬂ Sample Tyrn-Arcund
+ Iize: 2 weeks
AAS cquantitative anaiysis of 12 filter samples, 13 buffered;
Imsingsr samplies and 13 diiute acid impinger rinse samples.
[-dotull] f alell] how wh n s f ling):

During the week of Qctober 6-10, 1987, ambient air samples were taken near two sourcss -
J & 5 Plating and Chrome Crankshaft. An upwind siie was monitored for each securge. The
meihcds used to coilect the samples were the PVC filitar methcd and the Impinger method,
which uses a buffered_solution of sodium acstate. Sampie runs averaged 6§ hours at an

average volume of 7 Ms.

it tity:

Anzlysis of PVC filters and Impinger solutfon samples for hexavalent chromium.
Anzlysis of impinger aclid rinse samples for total chromium.

dm e kA LS ke am e mm mm sk th —C Sk e nw mE EE e mE ww mw W mw S ——

4-6863 AAS/NLS 006

l/a) .
o RESULTS
axAlvsr® Shqnatire: Dats Completed: | Instrument/Method:

Octocber 21, 1987

e
Il

It a

See attachment.

.
LMM—M H -

Refer to NLSOQ6 (former ADOLOOS) for the analytical description. The buffered impinger
_solutlon sampies were adjusted to pH 5 with 10X HNQ_ befors beginning the method‘'s Cr + 6
ceralexation procedure. The acid rinses did not reaulre preanalytical preparatlon.

- e WS BE Ak e a- -- .- - BA AR A BE EE mE am Em mE Ee

Sucarvisor‘s Aenroval: L zer: | Date:
R. Kun!manﬂf: 7 ! 2-5042 ; /d/34/4.7
cc: Tecd Wong 4
P. Vventurini
($-22-87)



J & S Plating and Chrome Crankshaft study

Los Angeles - October 6-10, 1987

Haxavalent Chromiym Resylis far PVC 2nd Impinger (Buffer) Solutlion Samples

Method NLSQO06

~

[ 3
Qata Sample » Lab e Samole Type cr*®nasm®
10/6 001 13834 Upwind Buffer 13.9
003 13836 Site A Buffer 7.3
005 13818 Site B-Buffer 30.2
279872 13842 Upwind PVC 1.3
2798724 13843 Site A PVC 10.2
2798728 13844 Site B PVC 8.5
10/7 Qo9 13845 Upwind Buffer 13.3
011 13847 Site A Buffer 41.5
013 13849 Site B Buffer 25.0
280872 13852 . Upwind PVC 0.9
280872A 13853 Site A PVC 1.5
2808728 13854 "site B Pve 6.9
10/8 015 13855 Upwind Buffer 15.2
017 13887 Site A Buffer 19.2
019 13859 Site B Buffer 26.0 .
281872 13861 Upwind PVC <0.42
2818724 13882 Sits A PVC 4.7
2818728 13863 Site 8 PVC : 2.6

A-10



10/9 Q21 13864 Upwind Buffer 8.8

023 138686 Site A Buffer 29.0

025 ‘ 13888 Site 8 Buffer 19.8

282872 ‘13870 Upwind PVC 2.4

2828724 13871 Site A PVC 7.4

2828728 13872 Site B PVC 4.6

Notes:

1. Trip 8lank Buffer 4.2 ng {0.6 ng/Ma‘) Cr+6
‘Lab Blank Buffer 3.8 ng (0.5 ng/M=) cr*S.
Lab Blank Spiked 25 ng/mL 21.4 ng/mi (86X recovery)

=aquivalent concentratlion assuming 7% volume

r+6

2. ¢ Method detection limit Is 0.4 ng/M3 based on a volume of

7M3'

I9&31_snL9m1um_Basul1:_19:_1mn1nssL_Asiﬂ_Bln§g_$am§1==

All of the Impinger aclid rinss analysis total chromium results fell

below the Method’s detection limit of 3 ng/mi.

A-11
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- q State of Cz2liforniz

e e

AIR RESOURCES BOARD

DRAFT PROTOCOL: Ambieat Air Monitoring Study of Hexavalent
Chromium Sources in Bell Cardems, Califoraia.

1. =ST_P A\

A hexavaledt chromium air monitoriag study near two chrome

platiag facilities in Bell Gardeas, Californiz will be coaductad
by the Alr Resources Board staff during tks wesel of October 5-9,
1987. The two sources have platiag operations that can release
hexavalent chromium emissions into the ambient air.

The objectives of the study are:

. 1. Compare the measurem:nt methods 2ad results using the

. present ARB filter method aad the RT! impinger
solution method. .

2. Measure the ambient coacentrations of hexavalent
- ¢hromium upwiad 2n0d downwind of the sources.

Specific meterological conditions will also be momitored during
the sampling periods. g

11. AVPT TN g

The sampling plaa consists of two downwind mo=itoring sites whieh
will be located a2pproxzimately 150 and 200 yards to the :
east/northeast of the chrome plating facilities in an industrial
park parking lot. The upwind site will be place? at the Ci:y of
Bell Gardens corporation yard., This siiec is 2pproximataly 1/4
mile to tbe south/southwest of the plating facilities. Figure 1
shows the locations of the momitoring sites. :

111. MEASUREMENT VETHODS

Iz this monitoring study, the ARB staff will use two different
sampling methods. The first iIs the filter method which is
curreatly used by the ARB to s:=ple hexavalent chromium for the
ARB toxic monitorinz aetwork. This will iavolve the use of
Xoatech samplers which will ecoatzain 2 37 = PVC filter and a 37
== tefloa filter, The setond method is ths: proposesd RTI impinger
solution method which c¢ontains 3 S=ith-Greszberg im=piagers in
series, with the fizst two impingers coataiaiag 100 ml of 0.05 M
buffered sodium bicarbomate soluzien. )

Boik sazmpler types.will operate ia parallel a2+ e2c¢h moaitoring
site for 5 to 7 hours (depeadizg cn prevalizg wizds) at
2pproximetely 20 liters per mizute. Oas rva will be coanducted
e2ch day startizg on Tuesday, Oczober &, 1957 22d endiag on
Friday, Octcber 9,1987. For tke ixmpizger six=plizgz, the izpinger
wil}l be kept imn ice baths 22d tellon tubing will be used o
sa=ple the air 2t zbout 8 feet 2Tove tke grouxd.

A-13
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Following the collection of the filter samples,®cassettes
containing filters will be stored in a refrigerator at the
Haagen-Smit Laboratory (HSL). Tke PVC filters will be znalyzed
by HSL for total chromium concentrations. The teflon filters

will be transported back to Szecrzmento in 2 cooler containing ice
for hexavalcnt chromium analysis.

After saxmpling of the impinger solutions, the conteats of the
first two impingers will be emptisd into e¢lean 250 ml
polyethylene bottles. Those impingers will be rinsed 3 times
with the sodium bicarbonate solution (25 ml for each riase).
After each wash, the rinse soluticn is emptied into the
polyethylene bottle, The impingers will then be acid :zimsed 3
times with 0.1 N nitric acid (30 =1) 2nd emptied into 2aother
c¢lean polyethylens bottle. All tke collected solutions will be
stored in the refrigerator at HSL uatil trazssport to Szcrameanto
for hexavalent chromium analysis by the Aerometric Dzts Division

Laboratory (ADD). Clean impingers will be used for each sampling
zua. :

Iv. D4 N

See Attachment 1 for ARB Method ADDL0OG.

V. A ASSTRAN

A set of filters (1 PVC aad 1 tefloa) will be reraired and given
to the appropriate laborataorles z2s field bleaks. Field blanks
for the sodium z2cetate and the 2¢cid rinse solutions will be
prepared by rimsiang a ¢lean set of impingers with ezck solution

and retaining it in separate polyethylene bottles for later
analysis by ADD.
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Attach.—:lenf 1
~ ARB Mettod ADDLOCS

Staadard Operating Procedure for the Speciaticn 2nd Analysis of
Hexavalent Chromium a2t A—bient Atmcspheiric Levels
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1.

Method ADDLOOE -
Effective Cate: Decethar 19, 1986
Revision: 1.0

Approved: j;”‘"(//:ﬁm (/12027
Page 1 of 5

STATE OF CALIFORNIA
AR RESCURCES BOARD
ASROVETRIC DATA DIVISION LASORATORY

. Standard Operating Procsdure for the Speciation and Analysis of
Eexavalent Caromium at Ambient Atmospheric Levels

SCOFS
==

This Socument descrites the determination of chromium +6 in agueous
cmdia after sampling ambient air. The procedura has been tailored to
concentrations which would be expected in ambient air. Althoush the
procsdure described is known to complex other metal ions, the zrocecure
Fas not been valicdated for any metal species other than hexavalant
chreaium. :

SIVMARY QF METHOD

A low volume air sampler capable of sampling at a constant rate of 13-15
liters-per-minute for at least 24 hours is fitted with a 37 rm Gelran VH-1
{PVC) membrane filter. After sampling, the filter is added to 50 mi of
water and the complexation procedure carried out in the presence of the
filter, - '

Tye acieous solution is tuffered to pH 4.5 and 2n agueous solution of AZDC
addad. After mixing, the solution is filtered through a disposable
cartridece containing C)g-bonded silica gel. The comlex is absorded

cato the gel. ‘e water, resaining ions, and uncorplexed APDC are sassed
through into a filtering flask and discarded. The absorbed Cr*6—co-plex
is desorbed with acstone, the acetone evaporated, and the resultant

residue diluted to 2.0 =L as 10% nitric acid in water.

is solution is then analyzed by flameless atomic absorption
spectrophotometry (FAAS) for chromium.

LIMITATIONS AND INTSRFESENCES

32,1 The concentration ranges expected for cr*6 in arbient air
(1-5 ng/M3) recuire that extreme care must be taken to insure that
glassware and reacants éo not contribute to the measured lavals.
3lanks rrast ba analyzed with every batch of samples,

3.2 Trivalent ciromium at levels ten timas the Cr*+6 concentration ¢oes
not incerfers in the mathod, lron (Fe+2) éoss not interfere, &xcept
that excess ferric icn will compete with Cz*® for available
complexing acent, This elfect has been minimized by perferming the
corslezation step a: pE 4.5, The other satals known to ferm A50C
complexes at p¥ 4.3 (csgper and cotalt) do not cccur at suificisntly
hign levels to dsplste the corplexing acint,

A-17



Mathod ADDLLOE

gifective Tazs: TeczThar 19, 1986
Revision: 1.0

i-oroved: AT

Page 2 0f 5

3.3 Matrix effects have been reduced or eliminated kv tha ex:iraction of
the corplex into an organic solvent and matching the final aquecus
diluent to the 10% nitric acid soluticn used for dilitin: standards.

4. APPARATUS

4.1 Perkin-Elmer: Model 3030B Atomic Azsorption Spettrcshiotimster,
BGA-600 Graphite Furnace, AS-60 Autoszmpler and FR-1J0 Printer.

4.2 Vacuum filtering apparatus equippad with Sep-Pak Cjg c=ariridge
adaptor and teflon tubing.

4.3 Conical, graduated centrifuge tube 1S mL capacity.

4.4 Sep-Pak cartridge: Waters Assoc, #51910. Prepare czriridge for use
by first filtering S5 mL of acetone through it, then vashing with
10 mL distilled water, then 10 mL of wash Solution, ind repsat the
acetone and D.I. washings.

S. REAGENTS
5.1 Nitric acid, Ultrex grade,

§.2 Stock standard, 250 mg/L: Dissolve l4l.4 mg KoCrzO7 in :0%
nitrie acid solution and dilute to 200 mL in a voluret-is f£lask,
1mk = 0.25 mg Cx*6,

5.3 Iatermediate standard (I.S.), 0.5 mg/1: Dilute 100 :L of the stock
standard in 50 mL of 10% nitric acid in a volume:ric fiask. lmL =
0.5 ug C&*6.

$.4 Working standard: Dilute 1.0, 3.0 and 5.0 mL of I.S. in S0 mL of 10%
" nitric acid. These correspond to 10 ng/mL, 30 ng/=L and 30 ng/mL
r+6, Prepare working standards caily.

5.5 Buffer, pH 4.5: 50 mL 0.1 M KHCgE4O4 and 8.7 mL 0.1 ¥ NOH.

5.6 APDC solution: Dissolve 2.5 gms ammonium pyrrolidirs ditzhjocarbamate
in 50.mL distilled water., Filter t=e soluticn throush 2 slass fiber
filter to remove the insoluble sedivent. The resgiultin: solution will
be a clear yellow. The AFIC used is J. T. 3aker's $2337-2.

5.7 W%ash solution: 10 mL D.I. water, S ml APDC soiuzisn ané 10 oL p¥ 4.5
buffer. . ‘
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INSTRUMENT CALISRATION .

6.1 Optimize the instrument for the flameless analysis of chromium
following the manufacturer's instructions.

§.2 Use a pyrocoated graphite furnace tube containing a L'vov platform
and condition the tubes as per manufacturer's instructions,

6.3 Set the instrument operating conditions as follows:

Time
. (seconds)
Step Furnace Temo (°C) Ramp____ Hold
1 Dry 129 s 35
2 Ash 1650 S 20
3 Cool 100 2 5
4 Atomize 2600 1] )
5 Clean 2700 2 8
6 Cool , 20 1 20

wWavelength 357.9 nm; lamp current 24 mi, slit 0.7
argon gas flow 1.5 L/minute (gas stop at Atomize),
20 ul sample injectien.

.4 The instrument is calibtated using the three working standards.
Recalibrate if values differ by more thaa +15%.

6.5 Determine the least squares fit of the calibration data; the analysis
must result in a slope of 1.00 + 15%. Perform a reslope calibration
at least every ten samples.

SAMPLE RMALYSIS

7.1 Place the filter in a 100 mL graduated beaker, add 50 mL deionized
water, 2 mL of buffer, and 1 mL of APDC solution, swirl and let stand
for 20 minutes. ' .

7.2 RAspirate agueous solution through a prepared Sep-Pak Cjg cartridge.

7.3 Using a 10 mL syringe, desorb the trapped Cr+6-2PDC conu_:lek with
S mL acetone directly into a 15 mL conical centrifuge tube.

7.4 Using a hot water bath (more than 80°C), c¢oncentrate the acstone
solution to dryness. HMNote: There will be 2 stall liquid residual,
mostly residual water. As much acetone must be removed as possible,
since it causes proplems during the analysis step.
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Wnile hot, add 0.2 mL concentrated Ulirex nizric acid (§ drops), and
place back in the heating zath for 30 seconcs.

Dilute to 2.0 mL with D.I. water.

Inject 20 ulL of the concentrate in criplicate for azalysis using the
calibrated FAAS system.

Print out the analysis results with icentifying laboratory
identification number. Record results and calculations in the AAS
laboratory workbook. Record the calc:lated concentration in

‘ nanograms/M3 on the laboratory dazz sheet. The concentration fay

be calculated as follews:

- Chromium +6, ng/M> = Concentraticn Foind, ng/mL % Dilution Factor

Volure Sarpled, M3

METHOD VALIDATION

8.1

8.2

The calibration curve from 10 ng/oL to S50 ng/mi was constructed. The
results of this procedure are shown in Teble I.

The complexing solution was spiked wizh 10 ng, 30 ng and 50 ng 8.t
The analysis results are as follows:

Spike, Recuversd, 2 v Fercent ?sD
ng . . ng Recovery (Percen:)
10 9.2 92 2.2
30 ’ 28.3 94 .4
S0 47.3 95 2.1

2

1 The x+6 spike solution had 0.05 M 23 Q33 as its wmatrix.
Results of three seg.rate analysis minus tlanks.
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3.3 filters were spiked as above and dried in a dessicator under vacuum.
Their analysis resulted in the following:

Spike, Recovered, 3 Percent RSD
ng ng © Zecovery {Percent)
10 10.0 100 2.2
30 24.8 83 1.6
S0 . 43.6 87 5.8
TA3LE I

Method Calibrat-ion Data

Concentration Average RSD
ng/mL Recoverv (Percent)
10 10.5 1.2
30 . 3.2 1.8
50 18.6 0.5

3 Resulis of three serarate znalysis minus blanks.
4 Relative Standard Deviation, n = ¢4
Corralation Coefficient: 0,998
Sicpe: 1.030
Intercept: =-1.5 ng/mL
103: (i + 3 SD) = 3.04 ng/nL or 0.2 ng/¥3 based on a 20 M3 sample
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.

STATE OF CALIFORNIA
"~ AIR RESOURCES BOARD
AEROMETRIC DATA DIVISION LABORATORY

Method for the Speciation and Analysis of
HexavalenteChromium at Ambient Atmospheric Levels

SCOPE

This document describes the determination of chromium +6 on membrane
filters after sampling ambient air. The method has been tailored to
concentrations which would be expected in ambient air. Although the
procedure described is known to complex other metal ions, the procedure
has not been validated for any metal species other than hexavalent
chromium.

SUMMARY OF METHOD

A low volume air sampler capable of sampling at a constant rate of 13-
15 liters-per-minute for at least 24 hours is fitted with a 37 mm
Gelman VM-1 {PVC) membrane filter. After sampling, the filter is added
to 50 mL of water and the complexation procedure carried out in the
presence of the filter,

The aqueous solution 1s buffered to pH 4.5 and an aqueous solution of
APDC added. After mixing, the solution is filtered through a dispos-
able cartridge containing Cg-bonded silica gel. The complex {s ab-
sorbed onto the gel. The water, remaining fons, and uncomplexed APDC
are passed through into a filtering flask and discarded. The absorbed
Cr+5-comp1ex is desorbed with acetone, the acetone evaporated, and the
resultant residue diluted to 2.0 mL as 10% nitric acid in water.

This solution {s then analyzed by fiameless atomic absorption spectro-
photometry (FAAS) for chromium.

LIMITATIONS AND INTERFERENCES

3.1 The concentration ranges expected for Cr* in ambient air
{1-5 ng/M3) require that extreme care must be taken to ensure that
glassware and reagents do not contribute to the measured levels.
Blanks must be analyzed with every batch of samples.

3.2 Trivalent chromium at levels ten times the Cr*0 concentration does
not interfere in the method. Iron (Fe+3) does not interfere,
except that excess ferric fon will compete with Cr*6 for available
complexing agent. This effect has been minimized by performing
the complexation step at pH 4.5. The other metals known to form
APDC complexes at pH 4.5 (copper and cobalt) do not occur at suf-
ficiently high levels to deplete the complexing agent.
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3.3 Matrix effects have been reduced or eliminated by the extraction
of the complex into an organic solvent and matching the final
aqueous diluent to the 10% nitric acid solution used for diluting
standards.

APPARATUS

4.1 Perkin-Elmer: Model 3030B Atomic Absorption Spectrophotometer,
HGA-600 Graphite Furnace, AS-60 Autosampler and PR-100 Printer.

4.2 Vacuum filtering apparatus equipped with Sep-Pak Cjg cartridge
adaptor and Teflon tubing.

4.3 Conical, graduated centrifuge tube 15 mL capacity.

4.4 Sep-Pak cartridge: Waters Assoc. #51910. Prepare cartridge for
use by first filtering 5 mL of acetone through it, then washing
with 10 mL distilled water, then 10 mL of Wash Selution, and
repeat the acetone and D.I. washings.

REAGENTS
5.1 Nitric acid, Ultrex grade.

5.2 Stock standard, 250 mg/L: Dissolve 141.4 mg KzCr2)7 in 10% nitric
acid solution and dilute to 200 mL in a volumetric flask.
1mL = 0.5 ug Cr¥6, , -

5.3 Intermediate standard (I.S.), 0.5 mg/1: DOilute 100 uL of the
stock standard in 50 mL of 10% nitric acid in a volumetric flask.
1 mL = 0.5 ug Cr*6.

5.4 Working standard: Dilute 1.0, 3.0 and 5.0 mL of I.S. in 50 mL of
10% n1tr1g acid. These correspond to 10 ng/mL, 30 ng/mL and 50
ng/mL Cr*0, Prepare working standards daily.

5.5 Buffer, pH 4.53 50 mL 0.1 M KHCgH404 and 8.7 mL 0.1 M NaOH.

5.6 APDC solution: Dissolve 2.5 gms ammonium pyrrolidine dithiocar-
bamate in 50 mL distilled water. Filter the solution through a
glass fiber fi{lter to remove the insoluble sediment. The resul-
tant solution will be a clear yellow. The APDC used 1s J. T,
Baker's #B337-2. It may be necessary to extract the APDC solution
with chloroform to remove trace amounts of chromium.

5.7 Wash solution: 10 mL D.I. water, 5 mL APDC solution and 10 mL pH
4,5 buffer.

INSTRUMENT CALIBRATION

6.1 Optimize the instrument for the flameless analysis of chromium
following the manufacturer's instructions.
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6.2 Use a pyrocoated graphite furnace tube containing a L'vov platform
and condition the tubes as per manufacturer's instructions.

6.3 Set the instrument operating conditions as follows:

Time
(Seconds)
Ste furnace Temp (°C) Ramp _ Hold
1 Dry 120 5 35
2 Ash 1650 5 20
3 Cool 100 2 5
4 Atomize 2600 0 5
5 Clean 2700 2 8
6 Cool 20 1 20

Wavelength 357.9 nm; lamp current 24 mA, s1it 0.7 argon
~gas flow 1.5 L/minute (gas stop at Atomize), 20 ul sample
injection.

6.4 The instrument is calibrated using the three working standards.
Recalibrate if values differ by more than * 15%.

6.5 Determine the least squares fit of the calibration data; the anal-
ysis must result in a slope of 1.00 # 15%. Perform a reslope cali-
bration at least every ten samples.

SAMPLE ANALYSIS

7.1 Place the filter in a 100 mL graduated beaker, add 50 mL deionized
water, 2 mL of buffer, and 1 mL of APDC solution, swirl and let
stand for 20 minutes. .

7.2 Aspirate aqueous solution through a prepared Sep-Pak Cig |
cartridge.. o

7.3 Using a 10 mL syringe, desorb the trapped Cr*6-APDC complex with 5
.mL acetone directly into a 15 mL conical centrifuge tube.

7.4 Using a hot water bath (more than 80°C), concentrate the acetone
solution to dryness. Note: There will be a small liquid re-
sidual, mostly residual water. As much acetone must be removed as
possible, since 1t causes problems during the analysis step. The
acetone will be removed in 10-15 minutes. :

7.5 While hot, add 0.2 mL concentrated Ultrex nitric acid (6 drops),
: and place back in the heating bath for 30 seconds.

7.6 Dilute to 2.0 mL with D.I. water.

7.7 Inject 20 uL of the concentrate in triplicate for analysis using
the calibrated FAAS system.
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7.8 Print out the analysis results with identifying laboratory identi-
fication number. Record results and calculations in the AAS lab-
oratory workbook. Record the calculated concentration fn nano-
grams/M3 on the laboratory data sheet. The concentration may be
calculated as follows:

-

+6 . Concentration Found, ng/mL
Chromium *6, ng/M3 --—vsTaﬁz—gsﬁaTzaj*ﬁggl- x Dilution Factor

8. METHOD VALIDATION

8.1 The calibration curve from 10 ng/mL to 50 ng/mL was constructed.
The results of this procedure are shown in Table I.

8.2 The complexing solution was spiked with 10 ng, 30 ng and 50 ng
crb.l The analysis results are as follows:

Spike,  Recovered,? Percent

RSD
ng ng Recovery Percent)
10 9.2 92 2.2
30 28.3 94 3.4
50 47.3 95 2.1

8.3 Filters were spiked as above and dried in a dessicator under
vacuum. . Their analysis resulted in the following:

Spike,  Recovered,3 Percent RSD
ng ng Recovery Percent
10 10.0 100 . 2.2
30 24.8 a3 1.6

TABLE I
METHOD CALIBRATION DATA

Concentration Average RSb

ng/mL Recovery (Percent)4
10 10.5 _ 1.2
30 31.2 1.8

S0 ‘ 48.6 0.5

1 The Cr*6 spike solution had 0.05 M Nap CO3 as its matrix.
2 Results of three separate analysis minus blanks.
3 Results of three separate analysis minus blanks.

4 pelative standard Deviation, n = 4
Correlation Coefficient: 0,998
Slope: 1.050
Intercept: -1.5 ng/mL
LOD: (i + 3 SD) = 3.04 ng/mL or 0.2 ng/M3 based on a 20 M3 sample
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Unitad States
Environmental Protection
Agency

Environmental Monitonng and
Support Labaratory
Cincinnati OH 45268

Research and Deveiopment

Test Method

Chromium, Dissolved
Hexavalent (Atomic
Absorption, Furnace
Technigue)—Method 218.5

1. Scope and Application

1.1 This methad covers the
determination of dissoived hexavalent
chromium (Cr*") in drinking and
surface waters. The method may aiso
be applicabie to certain domestic and
industrial wastes after filtration
provided that potential interferring
substances are laken into account.
(See 4.1.)

1.2 The method may be used ©
analyze samples containing from 5 to
100 ug of Cr* per liter. The range of
the maethod may be extended upward
by dilution.

2. Summary of Method

2.1 The mathod is based cn the
separation af Gr* from the sampie by
coprecipitation of lead chromate with
lead sulfate in a solution of acetic
acid. After separation, the supernate
is drawn off and the Cr® precipitate

" resolubilized in nitric acid as tivalent

chromium (Cr®") and quantified by
furnace stomic absorption.

2.2 Hexavaient chromium may a!So
be analyzed by the cheiation/
extract:on technique (see Method
218.4 or the procadure described in
9.2 of the Atomic Absorption methods
found In this manual).

218.5-! - - Dec. 1982
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3. Sampie Handling and
Presarvation

3.1 Far sample handling, cleaning
glassware and the filtration procedure
see part 4.1 of the Atomic Absorption
Maethod section of this manual.

3.2 The sample must not be
preserved by acidification, but instead
transported and stored until ume of
analysis a1 4°C.

3.3 Stability of Cr*" in environmental
sampies is n ot completely understood
at this time. The chemical nature of
the sample matrix can have a definite
affect on the chemistry of chromium.
Therefore. the analysis should be
carried out as soon as possible but no
longer than 24 hours after collection.

4. Interferences

4.1 The possible nterference from
other elements-which form stable
chromataes IS not known at this tima.

4.2 Sampies with either suifate or
chloride concentrations above 1000
mg/liter should be diluted before
anslysis.

4.3 The potenuai reduction of Cr*
from righly reductive substances
increases as pH 1s lowered. When
sulfites and sulfides are present the



sample aliquot taken for analysis
should be neutralized and aerated
before beginming.

5. Instrument Parameters
{General)

§.1 Drying Time and Temp: 30 se<-
125°C.

8.2 Ashing Time and Temp: 30 sec-
1000°C.

8.3 Atomizing Time and Temp: 10
sec-2700°C.

5.4 Purge Gas Atmosphera: Argon
5.5 Wavelength: 357.9nm

5.6 Other operating parameters
shouid be as specified by the
parucular instrrument manufacturer‘

6. Special Apparatus
8.1 Glassware

5.1.1 Filtering flask, heavy wall, 1
liter capacity :

6.1.2 Centrifuge tubes, heavy duty.
conical, graduated, glass stoppered,
10 mL capacity

6.7.3 Pastaur pipets, borosilicate
glass, 5 % inches.

6.2 Centrifuge: any centrifuge
capable of reaching 2000 rpm and
accepting the centrifuge tubes
described in 6.1.2 may be used.

6.3 pH Mater: 3 wide variety of
instruments are-commercially
available and suitable for this work.

8.4 Test Tube Mixer: any mixer
capable of thorough vortex is
accepgtable.

7. Reagents

7.1 Laad Nitrate Solution: Dissoive
33.1 grams of lead nitrate, PH{NOalz
{analytical reagent grade), in deionizsd
distilled water and dilute to 100 mL.

7.2 Ammonium Sulfate Solution:
Dissolve 2.7 grams of ammonium
syifate, {NH.3SO. (analytical resgent
grade), in deionized distilled water and
dilute to 100 mi. )

7.3 Calcium Nitrate Soilution:
Dissoive 11.8 grams of calcium
nitrate, CaiNQsla - 4H;0 (analytical
reagent grade), :n deionized distilled
water and dilute to 100 mL. 1 m{ =
20 mq Ca.

7.4 Nitric Acid, conc.; Distilled
reagent gracde or equivalent 10
spectrograde quatity.

7.5 Aceuc Acid. Glacial: ACS
reagent grade.

7.5.1 Acstic Acid, 10% {v/v): Dilute
10 mr.L glacial acetic acid to 100 mL.
with deionized distilled water.

7.8 Ammonium Hydrexide, 10%
(v/v): Dilute 10 mL conc_ammonium
hycroxide. NHOH (analytical reagent
grade), to 100 mL with deionized
distilled water.

7.7 Hydrogen Peroxide, 30%: ACS |
reagent grade.

7.8 Potassium Dichromate Standarg
Salution: Oissalve 2.8285 grams of
dried potassium dichromate, KCrz0»
{analytical reagent grade), in deionized
distilled water and dilute to 1 liter. 1
mb = 1 mg Cr {1000 mg/L)

7.9 Trivalent Chromium Working
Stock Solution: To 50 mL of the
potassium dichromate standard
soiution (7 8) add 1 mL of 30% H:0:
(7.7) and 1 mL cone. HNGQ, (7.4) and
dilute to 100 mL with deionized
distilled water 1 mb = 0.5 mg Cr™"
Prepars fresh monthly or as needed.

8. Calibration

2.1 At the time of analysis prepare 3
blank and a series of at least four
calibration standards from the Cr™*
working stock {7.9) that will
adeguately brackst the sample. The

* normal working range cavers 3

concentration range of § to 100 ug
Cr/lL. Add 1o the blank and each
standard 1 mL 30% H302(7.7). 8 mL
CONC HNQ,;1{7.4), and 1 mL calcium
nitrate solution (7.3} for each 100 mL
of prepared solution before diluting to
final volumae. These calibration
standard shouid be prepared fresh
weskly or as nesded.

8.2 Thae listed instrumental
conditions (5. and the stated
calibration concentration range are for
a Perkin-Elmer HGA-2100 based on
the use of 3 20uL injection, continous
flow purge gas and non-pyroiytic
graphite. The use of simuitaneous
background correcticn is required for
both calibration and sampie analys:s.

9. Procedure

9.1 Transier a SO mL portion of the
filtered sampie to a 100mL Gniffin
beaker and adjust to pH 3.5=0.3 by
adding 10% acetic acid dropwise.
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Record the volume of acid added and
adjust the final resuit to account for
the dilutien.

Ngte: Care must be exercised not tQ
1ake the pH below 3. if the pH is
inadvertently lowered to < 3, 10%
NH.OH {7.5) sheuid bs used to raise
the pH to above 3.

9.2 Pipet a 10 mL aliquct of the
adjusted sampie into 2 centrifuge tube
{6.1.2). Add 100uL of the lead nitrate
solution (7.1). stopper the tube, mix the
sampie and allow to stand for 3 min

9.3 Ahaer the formation of lead
chramate, retain the Cr®" compiex in
solution by addition of 0.5 mL glacial
acetic acid (7.5). Stopper and mix.

9.4 To provide adequate lead sulfate
for coprecipitation add 100 mL
ammonium sulfate solution (7.2),
stopper and mix.

9.5 Place the stoppered centrifuge
tube in the centrifuge, making sure
that the tube is properly
countertaisnced. Start the centrifuge
and slowly increase the speed to
2000 rpm in small increments over a
period of § min. Centrifuge the sam-
pie at 2000 rpm for 10 min.

Note 2: The speed of the centrifuge
must be increased siowly to insure
compilets coprecipitation.

9.6 After cantrifuging remove the
tube and draw off the supernata using
the apparatus detailed in Figure 1. As
the pasteur pipet is lowered inta the
tube the supernate is sucked into the
filtering flask. With care the supernate
can be withdrawn to within
approximately 0.1 mL above the
precipitate.

9.7 To the remaining precipitate add
0.5 miL conc HNO4 (7.4), 100ul 30%
H303z (7.7) ang 100ui calaum nitrate
solution (7.3). Stopper the tube and
mix using 3 vortex mxer to disrupt
the precipitate and solubilize the lead
chromate. Dilute to 1OmL. mix and
analyze in the same manner as the
calibeation standard (8.2).

9.8 For the general lurnace
procedure and calculation, see
“Fuyrnace Procedure™ part 9.3 of the
Atamic Absorption Methods section of
this manual.

10. Verification )

10.1 For every sample matrix
anaiyzed verification is necessary to
datermine that neither 3 reducing
condition nor a chemical interference
atfecting precipitation is giasent. This



must de accompiished by analyzing 3
sacond 10mL aliquot of the pH
adjusted filtrate (3.1) spiked with Ce?*
(7.8). The amount of spike added
should doubie the cencentration found
in the anginal aliquot. Under no
circumstance shouid the increase be
of less than 30ug Cr*" /L. To venty the
aosance of an interference the spike
recovery should be between 85% and
118%.

10.2 |If the addition of the spike
extends the concentration beyond the
range of the calibration curve, the
analysis solution should be diluted
with blank solution and the caiculated
results adjusted accordingly.

10.3 If the verification indicates a
suppressive imerference. the sample
should be diluted and reanalyzed.

11. Analytical Notes

11.1 Nitrogen shouild not be usad as
a purge gas because of possible CN
hand interference.

11.2 The use of pyrolytic graphite
should be avoided when possible.
Generaily, pyrotytic graphite resuited
in a more imited anaiyticai working
range and w1 some situations an
enhancement effect.

11.3 Pipet ips have been reported
to be a possible sourcs of
contamination. {See part 5.2.9 of the
Atamic Absorption Methods section of
this manual.)

11.4 The method of standard
addition should not be required in as
much as the Cr* has been separated
from the original sample solution and
redissalved in a uniform matrix having
an absorplion response coincident (o
the calibration curve. .

11.8 Data to be entered into
STORET (No. 91032) must be reported
as a9/ L.

12. Precision and Accuracy

12.1 In a single laboratory (EMSL)
using a mixed industnal-domaestic
waste effluent containing 22 .uq

Cr* /L and spiked with 3 -
concantration of 50 ug Cr¥" /L. the-
standard deviations wers = 1.0 and =
2.7. respectively with a spike recovery
of 94%

12.2 Raecoveries of 3 40 g Cr* /L
spike 0 diluted tannery and plating
waste eHluents were 96% and 93%.
respectively.

12.32 Using Cinginnan, Ohio tap
water spiked at concemrancns of
510, and 50 ug Cr* /L the standard
deviations were = 0.7, =0.6. and
=26, respectively. Spike recovery at
all three leveis was 102%.

12.4 A 1000 pg Cr¥ /L standard
solution analyzed by this mcthod
yielded a resuit of 8 ug Cr* /L with 3
reiative standard deviation of 19%.

12.5 The data from 5 ug Cr* /L tap
water spike was used to calculate
method detection limit (MDL} with
99% confidence as described in
“Trace Analyses for Wastewater.” J.
Giaser. 0. Foerst, G. McKee, S.
Quave, W. Buade, £nvironmental
Scrence and Technology, Vol 15,
Number 12. page 1426, December
1981 The calculated MOL for
Cincinnati drinking water is 2.3 ug/L.
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1.

STATE OF CALIFORNIA
AIR RESOURCES BOARD

Proposed Method for the Speciation and Analysis of
Hexavalent Chromfum at Ambient Atmospheric Levels

Ion Chromatographic Separation,
Chromophoric Complexation, Spectrophotometry

SCOPE

This document describes the determination of chromium (VI) on membrane
filters after sampling ambient air. The method has been tailored to
concentrations that would be expected in ambient air. - The method is
not expected to have significant interferences. While the method is
adequately sensitive for ambient air determinations, 1t has the poten-
tial for further significant improvements in sensitivity.

SUMMARY OF METHOD

A low volume air sampler capable of sampling at a constant rate of 13-
15 liters per minute for at least 24 hours is fitted with a 37 mm
Gelman VM-1 (PVC) membrane filter. After sampling, the filter is
placed in a container with 10 mL of chromatographic eluent and the
hexavalent chromium is extracted using ultrasonication.

The resultant solution is analyzed using an jon chromatographic tech-
nique utilizing a separator column normally used for transition metals
analysis. The nearly neutral pH of the eluent system ensures that _the
Cr*6 is stabilized. Following chromatographic separation, the Crt6 s
r:ag;gd with a chromophoric reagent and measured spectrophotometrically
a nm. '

LIMITATIONS AND INTERFERENCES

No significant interferences are expected with this method. Trivalent
chromium is separated during the chromatography step.

APPARATUS

4.1 Dionex single channel Ion Chromatograph, P/N 37029
4.2 Dionex HPIC-CGS Catfon Guard Column, P/N 37028

4.3 Dionex HPIC-CS5 Cation Separator Column, P/N 37030
4.4 Dionex Reagent Delivery Module (ROM), P/N 35354
4.9 Dionex Membrane Reactor, P/N 35354

4.6 Dionex Visible Detector (VSM), P/N 37044
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5.

REAGENTS

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10

5.11

5.12

2,6-pyridinedicarboxylic acid {PDCA)

disodium hydrogen phosphate heptahydrate

sodium fodide

ammonium acetate

1ithium hydroxide monohydrate

1,5-diphenyicarbohydrazide (opPC)

methanol, HPLC Grade

su]fu;1c écid. 961. spectrophotometric grade

defonized water, 18 M-ohm

Eluent Stock: Prepare by dissolving the following reagents in 18
M-ohm deionized water. PDCA is slow to dissolve, and heating the

solution before addition of the remaining reagents may be used to
increase the rate of dissolution. ’

20.0 mM 3.34 g/L) pyridinedicarboxylic acid (PDCA)
20.0 mM 5.36 g/L) disodium hydrogen phosphate
100.0 mM 15.0 g/Lg sodium 1odide

500.0 mM 38.5 g/L ammonium acetate

28.0 mM 1.10 g/L) 1ithium hydroxide

Eluent: Prepare by diluting 100 mL of the eluent stock to 1 L
with 18 M-ohm degassed deionized water. The pH of the diluted
eluent should be between 6.70 and 6.80.

Post Column Reagent: Prepare by dissolving 0.49 g of 1,5-di-
phenylcarbohydrazide (DPCg in 100 mL of methanol. Add to about
500 mL of degassed deionized water containing 25 mL of concen-
trated sulfuric acid. Dilute to 1 L with degassed deionized
water.

INSTRUMENT OPERATION

6.1

6.2

Assemble the accessories according to the manufacturer's instruc-
tions in the individual component manuals.

Install a 250 pL sample loop on the injection valve.



8.

6.3

6.4

6.5
6.6

Conditions:

Sample Size: 250 uL

Columns: HP1C-CG5, Cation Guard Column
HPIC-CS5, Cation Separator Column

Eluent Flow Rate: 1.0 mL/min

Post Column
Reagent Flow Rate: 0.5 mL/min

Detection: VIS at 520 nm - Filter #5 on wheel
Establish the recommended eluent and post column reactor flow
rates: 1.0 mL/min for the eluent and 0.5 mL/min for the post
column reaction reagent are suggested.

Turn pumps on.

Set the detector range on 0.005 AU (most sensitive)

INSTRUMENT CALIBRATION

7.1
7.2

7.3

Inject a series of Cr+6 standards diluted in eluent reagent in
the range of 5 to 50 ug/L.

Determine the least squares fit. The calibration data should
result in a correlation coefficient of 0.995 or better.

Run a check standard at least every tenth sample.

SAMPLE ANALYSIS

8.1
8.2
8.3

8.4

8.5

Place the filter in a 100 mL graduated beaker; add 50 mL of
eluent, cover with Parafilm. _

Sonicate without heat for 15 minutes.

Check the pH to ensure that it is 6.8-6.9.

The resulting solution is now ready for analysis.

Print out the analysis results with the identifying laboratory

jdentification number. Record results and calculations in.the.
laboratory notebook. Record the calculated concentration in

D-3



nanograms/M3 in the laboratory data sheet. The concentration may
be calculated as follows:

) +6 3 Concentration Found, ng/mL X g11ution Factor
Chromium *9, ng/M Air Volume sSampled, M

9. METHOD EVALUATION
To be performed.
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APPENDIX E
HEXAVALENT CHROMIUM ANALYSIS USING ION CHROMATOGRAPHY
Preconcentration Technique .

ﬁca ent Preparation

Eluent Stock: Prepare by dissolving the following reagents in defonized
water. PDCA is slow to dissolve, and heating the solution before adding
the remaining reagents may be necessary.

Pyridinedycarboxylic acid (POCA) 3.34 g/L .20.0 mM
Disodium hydrogen phosphate 5.36 g/L 20.0 mM
Sodium iodide 15.0 g/L 100.0 mM
Ammonium acetate 38.5 g/L 500.0 mM
Lithfum hydroxide - ' 1.10 g/L 28.0 mM

Eluent: Dilute 100 ml of Eluent Stock to 1 L with deionized water. The pH

of the diluted eluent should be between 6.70 and 6.80.

Post Column Reagent: Dissolve 0.49 g of 1,5-diphenylcarbohydrazide (DPC)
in 100 m1 of methanol. Add to about 500 ml of degassed deionized water
containing 25 ml of concentrated sulfuric acid. Dilute to 1L with
degassed deionized water. ‘

Procedure

1. F111 post column reagent reservoir with post column reagent. Degas
using helium by bubbling helium through reagent for ten minutes. At
the end of the ten-minute period remove helium tube and cover reagent
reservoir, ‘ .

2. Fill eluent container with eluent. Place container in stand on side of
ion chromatograph. Open valve on eluent container to allow eluent flow

to pump.
3. Turn on eluent pump.
4. Turn on ion chromatograph power switch.
5. 0pep compressed air cylinder valve.
6. Measure eluent flow at outlet line to waste container using a 5 ml

graduated cylinder and stopwatch. Flow should be 0.8 ml/minute. If
not, adjust using dial on pump.



10.
11.
12.

13.
14.

15.

16,

17.

Turn on post column reagent pump. Measure flow at waste outlet line,
again using a 5 ml graduated cylinder and stopwatch. Flow should not
be 1.2 ml/minute. If not, adjust floy on post column reagent pump
using flow controi dial.

Turn on detector power using switch at read of instrument. Set filter
wheel to #4 (520 nm wavelength setting). Allow detector sufficient
time to warm up.

Turn on recorder. Adjust baseline zero setting.

Place sample inlet tube into a beaker containing deionized water.

Set valve switch on chromatograph to “Inject.”

Turn on sample pump and pump deionized water through side loop for a
few minutes. Turn off sample pump.

Place sample in small plastic cup. Place sample inlet tube into
plastic cup.

Turn on sample pump and switch valve on chromatograph to “Load"
simultaneously.

Allow sample to be pumped into inlet tube. When almost dry, fill
plastic cup with deionized water using a squirt bottle. Do not allow
sample line to draw in air. Continue pumping in deionized water until

‘total .sample inlet time is ten minutes or sample has been completely

flashed through the tubing system to the concentrator column.

When sample and defonized water flush have been pumped into system,
turn off sample pump and switch valve on chromatograph to "Inject.”
This will begin to pump eluent through the concentrator columr and
through the system column into the detector. -

Following elution of peaks, turn on the sample pump and pump deionized
water through the side loop for two minutes. The next sample can now
be run beginning at Step 10.



EXPERIMENTAL CHAMBER TESTS

INTRODUCTION

The chamber reaction studies, which weré designed to simulate those
ambient conditions to which Cr*6 species would be exposed, were conducted
in the following overall manner:

.1.

2.

3.

5.

Eight or more 37 mm membrane filters (Teflon or PVC) were spiked
with levels of Cr*® (ranging from 20 ng to 1,000 ng, depending on
the test conditions). Initially, this was performed by pipetting
known quantities of solutions onto the filter and then drying at
room temperature in a vacuum dessicator. Later, the Cr*0 spiking
was performed by creating an aerosol with an inhaler device and

allowing the aerosol to merely deposit without pumping onto the

“f{1ter surface (Figure 7). The aerosol was created inside a

plastic can with a fan inside to disperse the aerosol as much as
possible, thereby optimizing the uniformity. Nevertheless, since
some inhomogeneity was anticipated, CARB suggested the use of a
141thium internal standard in the solution to be aspirated. In
this way, the lithium content could be measured, in addition to
the Cr*0 species, in order to provide a means of monitoring the
varfability in the Cr*6 loadings. A schematic of the aerosol
generator is shown in Figure 5.

Six of these filters were placed in a sampling manifold containing
37 mm polystyrene filter holders with backup pads.

The sampling manifold was located in the environmental chamber. .

‘Inftially, the chamber was one constructed of plexiglass or other

plastic materials wherever possible. A schematic of the initial
test chamber design is shown in Figure 6. Later, the design of
the chamber was changed (for reasons to be explained in this
section) to that of an all-aluminum design. An aluminum
“suitcase* approximately 2 feet x 2 feet x 1 foot was fitted for a
gas (reactant inlet and for the sampling manifold (Figure 8).

During exposure to the various test reactants, a sampling flow of
3 to 5 Lpm was maintained through each filter. A calibrated
critical orifice was used to regulate flow through each filter.

Pollutants were introduced into the top of the chamber by a
variety of means. Ozone was generated by an ozone generator
uti1{zing pure oxygen irradiated by an ultraviolet source.
Atmospheres of species such as SOz, NO2, Xylene, and benzene were
prepared from dilutions of gas cy?inder concentrations. Nitric
acid (HNO3) and formaldehyde (HCHO) were generated from permeation
devices available from Vici-Metronics ( , CA).7?
The verification of HNO3 concentration was performed by sampling
in parallel with a nylon filter, desorbing the filter in an
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aqueous medium, and performing an fon chromatographic analysis of
the resultant nitrate ion. Formaldehyde levels were monitored
using hydrogen peroxide impinger samples and subsequent ion
chromatographic analysis of the formate ion. A number of other
species were evaluated in these tests, and test conditions
regarding these potential reactants will be described in detail
 Jater in this section.

During the test, two filters were removed at each predesignated
time interval. For instance, it may have been decided to remove
the first two filters after eight hours, two more after 20 hours,
and the last two after 40 hours.

The filters were then ana1yzed using CARB Method ADDLOO6. A

portion of the cr+0 extract was saved and analyzed for the Tithium
content to correct for any variability in the aerosol deposition.

E-4



APPENDIX F

ENTROPY TRIP REPORT:
FIELD SAMPLING FOR DETERMINING THE
FATE OF HEXAVALENT CHROMIUM IN THE ATMOSPHERIC






.
TRIP REPORT:

FIELD SAMPLING FOR DETERMINING
THE FATE OF HEXAVALENT CHROMIUM

IN THE ATMOSPHERE

CARB Contract No. A-6-096-32

Prepared by:
Scott C. Steinsberger, Ph.D.
CEM/Engineering Division

Entropy Environmentalists, Inc.
Research Triangle Park, North Carolina

Prepared for:

California Air Resources Board

December 1987



Field Sampling for Determining the Fate of Hexavalent Chromium

Field Reacticn Samples

The field reaction samples were collected for two purposes: 1) to determine
the conversion rate of hexavalent chromium {Cr*®) during a 12-hour daytime
period, 12-hour nighttime period, and 24-hour period, and 2) to determine the
ratio of hexavalent to trivalent chromium in the emissions being discharged to
the atmosphere from the source (time zero samples). The field reaction samples
subjected to the conversion studies were collected on filters directly from the
source. In addition to the time zero filter samples collected, impinger
samples were also collected directly from the source to provide additional time
zero Cr*® data. Two impinger samples were collected per day from each source
with one being recovered immediately as a time zero sample. The second
impinger sample was taken to the upwind ambient sampling site and ambient air
was drawn through the second time zero sample simultaneously with the upwind
impinger samples. This was done to determine the stability of the hexavalent
chromium already present in the impinger reagent. -

Preliminary field reaction samples were collected during the first two days
of the field study at each source to determine the proper sampling time at that
source for optimum chromium lcading on the filters. This was done by )
collecting four sets of three filter samples each over four different time
periods. For the hard chrome plating facility, preliminary sampling periods of
5 seconds, 30 seconds, 5 minutes, and 30 minutes were used, with the 5 second
sampling time determined to be optimum. For the refinery cocoling tower
samples, the preliminary sampling pericds were 5 minutes, 30 minutes, 1 hour,
and 3 hours, with the 30 minute sampling time determined to be optimum.

Each set of field reaction samples consisted of 12 filters fitted to a
filter holder (see Figure [.1).. The filters were loaded into the filter
holders by hand for the first three runs (Runs CC-02-FR, CC-03-FR, and CC-Q4-
FR). After some concern over potential contamination (which turned out to be
high blank values for the filters), filter loading was assignhed to one
individual wearing latex gloves. Initially, 37 mm PVC filters were used
exclusively. Later, for the last three field reaction samples collected from
the cooling tower, Teflon filters were substituted for two out of each three
PVC filters. To collect samples, the loaded filter holder was inserted in the .
stack directly into the flow of exhaust gas from the source; and the gas sample
was simultaneously pulled through all 12 filters for the optimum sampling
period using a fiber vane vacuum pump.

The sample flow rate through all 12 filters combined was determined for each
run at the cooling tower using a dry gas meter connected to the ocutlet of the
vacuum pump. The flow rate determination during sampling was not conducted at
the hard chrome plating facility due to the short sampling period, but was
assumed to be the same as the flow rate at the cooling tower. The flow rate
during sampling averaged 35.3 liters per minute (lpm) for the filter holder

_and, assuming even flow distribution, was 2.9 lpm for each filter. The exact
flow. rate for the field reaction sampling system was not needed since the ratio
of hexvalent to trivalent chromium was to be determined, not the actual
emission rate of chromium.

Exposure of the field reaction samples to ambient air for the l12-hour day,
12-hour night and 24-hour periods was conducted at the California Air Resources
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Board's (ARB) El Monte office. Prior to any ambient exposure, one set of three
filters was immediately removed from the filter holder and sealed in the
original individual filter holder (see Figure F.1). This set represented both
the time zerc sample for the ambient study and the time zero sample for the
field reaction stud». These filters were replaced on the filter holder with
new, unexposed filters to determine the background chromium levels over 24-hour
ambient exposure period. A positive-displacement vacuum pump was used to pull
ambient air through the filters. One set of three filters, designated either
12-hour night or 12-hour day (depending on when the ambient exposure was
started), was capped to prevent exposure to ambient air. After 12-hours of
exposure to ambient air, the caps were switched to the other set of filters
already subjected to a l2-hour exposure. At the end of the 24-hour exposure
pericd, all the filters were removed and sealed.

The flow rate of ambient air through the filters on the holder was
determined by measuring the flow at the outlet of the vacuum pump. The flow
rate through each filter was intended to reproduce the flow rate used in the
original laboratory reaction studies. The flow rate for the filter holder
averaged 34.4 lpm and, assuming equal flow through each of the 9 filters, was
3.8 lpm for each filter. Field reaction experiments CC-03-FR and CC-Q4-FR were
run using the XouTach sampling systems with the flow rates set at 1 lpam for
each filter. The XonTech channel programmed for the 12-hour day period did not
function and no ambient air was pulled through the filters; these 12-hour day
period filters were then run concurrently with CC-05-FR.

A total of 14 field reactions were conducted, with 7 field reaction sample
sets being collected from each source. A complete sample inventory list for
the field reaction study can be found in Appendix A, Efforts to find a source
with primarily trivalent chromium emissions in order to conduct additional
field reaction studies were not successful.



Ambient Sampling

The ambient sampling portion of the field study involved setting up five
ambient sampling stations in the vicinity of each chromium scurce. The
stations were located based on the wind conditions during the afterncon of each
test day. Each staticn consisted of two ambient sampling units (provided by
the ARB, El Monte office) for filter samples and one set of three impinger
trains (see Figure F.2). Tables F.1 and F.2 summarize the test dates, sampling
locations, and sample volumes for the sampling conducted near the chrome
plating facilities and at the refinery, respectively. .

The Teflon and PVC filter samples were collected using either the newer
computer controlled ambient sampling units (XonTechs) or the older units
equipped with dry gas meters. The filters were initially loaded into the
filter holders with bare hands (Runs CC-02-XT and CC-03=XT). For the remaining
runs, the task of filter handling was assigned to one person wearing latex
gloves to avoid any potential contamination. (Field blanks and filter blanks
ecollected with bare hands during Run €C-03 did not show any significant
contamination). For sample recovery, the filters from the initial runs were
placed in nitric acid-rinsed vials; and later the filter samples were placed in
the type of plastic petri dishes routinely used by the ARB.

For ambient sampling tests AR-10 through AR-15, three different types of
sodium acetate-impregnated filters were used in place of the PVC filters. This
was done to evaluate a Cr'® sampling protocol using a filter that would prevent
the conversion of the Cr*® collected on the filter.

The impinger sampling trains consisted of a two EPA Reference Method §
impingers with a Smith-Greenburg tip in the first impinger and a modified
Smith-Greenburg tip in the second impinger. The impingers and connecting
tubing were prepared prior to the first test run by rinsing with 5% nitric acid
followed by deionized water and then a 0.01 M sodium acetate buffer. For
sampling, each impinger was charged with 100 ml of the sodium acetate buffer.
One train was assembled and immediately recovered for a laboratory proof blank
to demonstrate that the sample train components were initially free of
contamination. )

All three sampling trains at a single location were connected to one fiber
vane vacuum pusp using a manifold connected to each second impinger outlet.

The flow rate for the impinger trains was determined by measuring the flow at’
the pump outlet using a calibrated dry gas meter. The flow rate was assumed to
be equal between the three sampling trains.

Following sampling, impinger samples were recovered into new sodium acetate-
rinsed polyethylene storage bottles. Each set of impingers and connecting
tubing were rinsed with the sodium acetate buffer and the rinses were added to
the appropriate storage bottle. A SX nitric acid rinse of the impingers and
connecting tubing was also performed to remove any insoluble chromium.
Initially, the nitric.rinses were saved for analysis to determine the total
chromium collected; however later rinses were discarded due to a high reagent
blank level. Consequently, the impinger samples were used for hexavalent
chromium determination only, with the corresponding filter samples providing
the total chromium ambient concentration at each sampling location. Deionized
water and sodium acetate buffer rinses of the impingers and connecting tubing
were performed each day prior toc charging the impingers with the sodium acetate
reagent.
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Table F.1. SUMMARY OF AMBIENT SAMPLING DATA FOR CHROME CRANKSHAFT

Sample Volume (M3) T,,!
Date Location Teflon pvC Inpinger (min.)
10/21 1, 0.3 km NEof CC  4.955 5.95 ND?
10/22 0, Upwind 4.668 4.641 7.35 NA3
10/22 1, 9.3 km NE of CC 5.575 7.010 11.3
10/23 0, Upwind : 3.998 3.974 4.10 NA
10/23 1, 0.3 km NE of CC 3.217 4.s48 8.20 2.8
10/23 2, 0.5 km N of CC 4.80 4.7
10/23 3, 0.8 km N of CC 2.462 2.447 5.00 7.5
10/23 4, 0.5 km NNW of CC 5,348 5.043 6.00 4.7
10/26 0, Upwind 3.404 3.309 3.40 NA
10/26 1, 0.3 km NE of CC 4.293 2.270 5.26 1.9
10/26 2, 0.8 km ENE of CC 4.117 4.088 5.41 5.0
10/26 3, 0.6 km E of CC 5.346 5.260 5.65 3.8
10/26 4, 0.5 km N of CC 4.632 5.46 3.1
10/27 0, Upwind 3.999 3.972 4.04 NA
10/27 1, 0.3 km NE of CC 4,316 b.539 6.11 0.9
10/27 2, 0.8 km ENE of CC 5.349 5.257 6.13 2.5
10/27 3, 0.6 km E of CC 5.073 5.112 5.8% 1.9
10/27 4, 0.5 km N of CC 5.013 6.19 1.6
10/28 0, Upwind 4,775 b.743 4.90 NA
10/28 1, 0.3 km NE of CC 3.444 3.585 4.30 1.4
10/28 2, 0.8 km ENE of CC 6.459 6.352 6.60 3.8
10/28 3, 0.6 km E of CC 6.336 6.386 6.80 2.8
10/28 4, 0.5 km N of CC 5.610 6.80 2.3

! T,, = Calculated reaction time from source to sample location based on
mean wind speed for the predominate wind direction.

2 ND = No Data

3 NA s Not Applicable



Table F.2. SUMMARY OF AMBIENT SAMPLING DATA FOR ARCO REFINERY

Sample Volume (M3 T, '
Date Locaticn Teflon PVC Impinger (min.)
10/29 2, 0.4 km ESE of CT 9 3.180 3.26 ND2
10/30 O, Upwind 4,184 4.3523 5.16 Na4
10/30 1, 0.25 km ENE of CT 9 5.072 5.1173 5.44 1.9
10/30 2, 0.4 km SE of CT 9 5.16 3.0
10/30 3, 0.4 km SSE of CT. 9 5.178 5.1443 5.28 3.0
11/02 0, Upwind 4.365 4.5423 5.21 NA
11/02 1, 0.25 km ENE of CT 9 5.713 5.7723 4.60 4.7
11/02 2, 0.4 km SE of CT 9 2.436 4.0053 2.60 7.5
11702 3, 0.4 km SSE of CT 9 5.333 5.2923 5. 4k 7.5
11/02 4, 1.0 km ESE of CT 9 2.220 o 6.04 18.8
11/03 0, Upwind 5.319 5.5295 7.44 NA
011/03 1, 0.25 km ENEof CT 9 7.616 7.6788% 8.16 1.9
11/03 2, 0.4 km SE of CT 9 5.819 5.3235% 7.028 3.0
11/03 3, 0.4 Xm NNE of CT 9 6.664 6.6305 7.96 3.0
11/03 4, 1.0 km ESE of CT 9 3.108 7.17 7.5
11/04 0O, Upwind 5.999 5.773° 8.29 NA
11/04 1, 0.25 km ENE of CT 9  7.615 7.6795 9.46 3.1
11/04 2, 0.4 km SE of CT 9 6.066 5.5255 6.53 5.0
11/04 3, 0.4 km NNE of CT 9 6.488 6.4415 7.37 5.0
11/04 4, 1.0 km ESE of CT 9 2.991 7.54 12.5
11/05 0, 0.6 km WSW of CT 9 5.549 5.7735 8.29 4.5
11/05 1, 0.25 km ENE of CT 9  6.239 6.2905 6.26 1.9
11/05 2, 0.6 km NNW of CT 9 3.785 4.0065 4.98 4.5
11/05 3, 0.4 km NNE of CT 9 6.625 6.5885 6.69 3.0
11/05 4, 1.0 km ESE of CT 9 2.649 7.20 7.5
11/06 0, Upwind 4.364 4.6147 4.91 NA
11/06 1, 0.25 km ENE of CT 9  7.474 - 7.5487 7.25 1.3
11/06 2, 0.4 km SE of CT 9 5.888 5.9377 6.14 2.1
11/06 3, 0.6 km NNE of CT 9%  5.485 5.4837 7.17 3.2
11/06 4, 1.0 km ESE cf CT 9 2.200 6.51 5.4

1 T,, = Calculated reaction time from source to sample location based on
- mean wind speed for the predominate wind direction.

- ND = No Data

NA = Not Applicable

First batch of sodium acetate~impregnated filters

Second batch of sodium acetate-impregnated filters

Maximum sample volume, Actual may be less due to loss of power

Third batch of sodium acetate-impregnated filters

At this location 13:22 tc 15:40 and moved, due to wind shift, to 0.4 km
SSE of CT 9 from 15:43 to 18:15

@ - O W N
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Several impinger train runs were selected to determine the collection
aefficiency of the impinger trains. This involved separate recovery and
subsequent analysis of each impinger from the selected trains. The trains were
selected for the efficiency checks based on which sampling location was thought
to have the greatest chrcmium catch, with two trains typically selected from
this location.

Impinger train field blanks were collected at each source. Collection of
the field blanks involved preparing a complete impinger train and immediately
recovering the train in the normal manner. Field blanks were collected from an
impinger train that had been used during the previous days testing and had been
subjected to normal handling. They were taken to demonstrate that sample
recovery procedures and subsequent rinses were sufficient to prevent any carry
over contamination from sampling runs.

Reagent blanks were collected from each 20 liter batch of scdium acetate
buffer.

A complete list of all the ambient samples collected, with the corresponding
sampling periods, total sampling tizes, and sample gas volumes, can be found in
Appendix B.

Meteorological Data Station
A meteorclogical data station was set up near each source tested to

continuously collect wind speed and wind direction data during the ambient
sampling pericds. At the hard chrome plating facility, the meteorological data
station was located 10 feet off the ground near sampling location 1 {see Figure
F.3) for the first run (cc-03). For the last three sampling runs at the
plating facility, the meteorclogical data station was set up on the northwest
corner of the facility's roof. The station was relocated to avoid any
potential interference from nearby buildings.

At the refinery, the meteorological data station was located 10 feet off the
ground, 40 meters east of sampling location 1 (see Figure E.4).

The wind direction, expressed as a percent of time, and the mean wind speed
for each wind direction recorded are summarized in Table F.3. Photocopies of
the chart recordings from the meteorological data station are presented in
Appendix C. '

The ambient air quality from 7 a.m. to 6 p.m., as measured by the South
Coast Air Quality Management District and published in the Los Angeles Times,
are presented in Appendix D.



FOSTEAR BRIDGE

Loe. 3 (1020
o.awnN
N
w E
s
Lac. 2 (10/23)
Lot 4 (10/28-20)
0SkmN
i
SUVA

Loe. 4 (10/23)
Q.8 ken NNW

SUVA
ELEMENTARY
SCHOOL

Jowng <1 Okm E

FIGURE F'2 PLOT PLAN OF CHROME CRANKSHAFT SHOWING SAMPLING LOCATION

F-10

~cO0au

Loe. 2 [1026-28)
0.8 km ENE

L

b 4

Loc J (1026-28)
0dkmE

43 '° 8T



FiIGURE F4: PLOT PLAN OF THE ARCO REFINERY SHOWING SAMPLING LOCATIONS (RELATIVE TC CT3).

43y - 97

F-11



Table F.3 WIND DIRECTION AND WIND SPEED DURING AMBIENT SAMPLING

Date Site Run Time Period Direction % of Time Mean Speed

10/23 CC 03 12:00-18:30 SSW 50 4
E 22 3

S 20 3

ESE 4 3

SE 4 3

10/26 ¢€C 05 12:30-19:00 W 70 6
SW 15 3

SE 15 3

10/27 <CC 06 12:00-18:00 WSW 56 12
NNW 13 7

WNW 10 7

SW 8 4

W 7 6

W 5 5

N 1 5

10/28 c¢c 08 12:00-19:00 W 43 8
WSW 39 5

SW 11 4

WNW 7 5

10/30 AR 10 12:30-18:30 WNW 92 5
NW 6 5

W 2 5

11/02 AR 11  12:00-18:00 ESE 41 2
W 28 5

s 10 5

E 8 3

ENE 7 2

NE 6 2

11/03 AR 12 12:00-18:00 3E 36 5
ESE 23 3

WNW 15 4

E - 15 2

S 6 2

N 5 2

11/04 AR 13 12:00-18:30 SE 62 3
ESE 28 5

N 7 1

W 3 1

{continued)
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Table F.3 continued

Date Site Run Time Period Direction % of Time Mean Speed

11/05 AR 14 12:00-17:30 SE 64 5
NNE 29 4
N 5 3
E 3 3
11/06 AR 15 12:00-18:00 W 50 7
SE 36 7
E 10 3
ESE 4 3
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Daily Sampling Locations .
™ The ambient sampling stations were located as follows:

Upwind of the chromium source (Location Q)

Predicted downwind approximately 0.3 km from source
Actual near downwind approximately 0.5 ka from source
Actual far downwind approximately 1.0 km from scurce
Alternate downwind approximately 0.5 ka from source

Some variations on this general deployment scheme were used depending on the
wind conditions for a particular day and the logistics of locating an ambient
sampling station at the desired location. The typical wind pattern was for the
wind to shift from the east to the west arcund midday as the land mass warmed
and the wind would come in off of the ocean. THhe sampling locations were
selected once the wind appeared to be coming steadily out of one direction.

The decision was usually made by 13:00.

Chrome Plating Facilities - The first full day of testing at the hard chrome
plating facilities (see Figure F.3) was on October 23. At the start oi the
testing, the wind was primarily out of the south as opposed the predicted
westerly direction. The upwind sampling location (Location Q) was located
approximately 1.0 km east of the scurce. The predicted downwind sampling
location (Location 1) was set up 0.3 km northeast of the source at the same
location used two weeks earlier by the ARB. The near and f'ar downwind sampling
locations {Loacticn 2 and 3) were set up 0.5 km and 0.8 km, respectively, north
of the facility with the alternate downwind location (Location 4) being setup
0.5 km to the north northwest of the facility.

For the testing conducted on October 26 through October 28, the wind was
primarily out of the west. This allowed the predicted downwind sampling
location (Location 1) to become the actual near downwind location. A far
downwind location (Location 2} was setup 0.8 km east northeast of the source,
being set up as close as possible in a direct line with the near dewnwind
station and the source. The other two locations were setup 0.6 km to the east
and 0.5 km to the north of the source (Locations 3 and 4, respectively).

Refinery Cooling Tower - At the refinery (see Figure F.4) for the first full
day of testing (October 30), the wind was primarily out of the west northwest.
Location 2 was set up as the near downwind location 0.4 km southeast of cooling
tower. Locations 1 and 3 were 0.25 km east northeast and 0.4 km south
southeast, respectively, of ccoling tower 3. A far downwind sampling station
was not set up on this day due to limitations in power supplies. The upwind
statiocn was located 0.65 km west southwest of ccoling tower 9.

On the second day of testing at the refinery (November 2), the wind was
initially out of the west but shifted to the east scutheast at about 14:30.
Sampling locations 1 and 2 and the upwind station were at the same location as
on October 30. Location 3 was moved to 0.4 km north
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northeast of cooling tower 9 (designated as Location 3N in Figure F.4). A far
downwind station was established at 1.0 km east southeast of cooling tower 9.

On November 3, the wind was primarily out of the southeast to east
southeast. The wind shifted to the west for the last hour of sampling (17:00
to 18:00). The sampling locaticns were the same as those used on November 2.

On November 4, the wind was primarily out of the south during most of the
test period. Agein, the sampling locations were the same as those used on
Novenmber 2.

On November 5, the wind was primarily out of the southeast. Rain began at
15:30 coinciding with a shift in the wind to out of the north. Sampling
Location 2 was set up at the start of the test period 0.6 km north northeast of
cooling tower 9 (designated as Location 2N in Figure F.4). All other sampling
locations were the same as those used on November 2. Tracer experiments,
deseribed below, suggest that cooling tower 9 may have had some impact on the
upwind location during this test period. Consequently, location 4 may be
considered as the upwind lecation for this day. However, the impact of some
cooling towers due south of Location 4 shquld also be considered.

On November 6, the wind was initially out of the southeast.. At 15:00, the
wind changed distinctly and came from the west for the remainder of the test.
Initially, the sampling locations were the same as those used on November 2.
with the wind shift at 15:00, Location 3N was for the remainder of the test
moved back to the original Location 3, used on October 30.

F-15



Sulfur Hexafluoride Tracer Experiments

Sulfur hexafluoride (SFg) was chosen as the compound to conduct tracer
experiments at each chromium source. SF, is a stable nontoxic gas capable of
peing detected at sub part-per-billion (ppb) concentrations using a gps
chromatograph equipped with an electron capture detector (GC/ECD).. The GC/ECD
used for the SF, tracer experiments was a Hewlett-Packard 5890 equipped with a
Porapak Q column. The carrier gas, SF, tracer gas, and 100-ppb SF, calibration
gas were all obtained from a commercial vendor (Scott Specialty Gases, San
Bernardino, CA). The output from the GC/ECD was recorded on a strip chart
recorder.

Calibration of the GC/ECD was done using the 100-ppb SF, calibration gas. A
standard curve was established by in-situ dilution of the 100-ppb calibration
gas in a gas-tight syringe.

Ambient samples were collected in 250-ml amber low-density polyethylene
bottles, each outfitted with screw cap with an integral teflon~lined rubber
septa. Samples were collected in the bottles by first repeatedly purging the
bottles 30 seconds prior to the sample actual collection time by squeezing and
allowing the bottles to refill with ambient air. At the appropriate time the
final purge would be made and the bottle sealed with the cap described above.

The SF; releases were conducted in-stack at each source. The SF; was routed
through a rotameter to measure the release flow rate and then flowed through
Tygon tubing to the stack for release. At the hard chrome plating facility,
the releases were made in stack 4. At the refinery, the releases were made on
cooling tower 9 in fan cell 9. The releases were typically 5 minutes in
length. :

The downwind sampling for SF; occurred at one or two minute intervals
starting three or four minutes after beginning the release, depending on the
wind speed and the distance from the release point. Typically, two of the
ambient sampling locations were selected for sampling during each release and
five samples. were collected at each location. The samples were analyzed on-
site impediately after collection with the GC/ECD.

Using the estimated flow rate of the stack receiving the SF, and the flow
rate of the SF, into the stack, an in-stack dilution factor was calculated.

The peak concentration at each sampling location was used to calculate the
total dilution of the pure SF release gas. The total dilution of SF¢ was
divided by the in-stack dilution to calculate the downwind dilution.

-A summary of the SF tracer experipents is presented in Table _.b. At the
chrome plating facility ground effects were evident presumably caused by
neighboring buildings. At the refinery, the in-stack dilution was 20 times
higher than at the chrome plating facility even at the saximum release rate of
SF;. As a result, the SF; was either noi detected or found in trace quantities
at only one sampling location (9 ppb at 0.4 km ESE).

For some of the tracer experiments, a Gaussian distribution was seen for the
five samples taken at a particular sampling location. An example chromatogram
is presented in Figure _.5.
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Table F.4. SUMMARY OF SULFUR HEXAFLUCRIDE TRACER EXPERIMENTS

Peak Calculated

Wind Speed Cone. Downwind
Date Site! Time and Direction Location? {ppb) Dilution
10/26 cC 14:55 SW/WSW 5 mph 0.8 km ENE ND3 -
10/26 cC 14:55 SW/WSW 5 mph 0.5 km N 80 3,364
10/26 CC 16:15 West 7 mph- 0.6 km E ND3 ——————
10/26 CC 16:15 West 7 mph 0.3 km NE 15 16,840
10/27 CC 14:20 W/WSW 15 mph 0.3 km NE 120 2,119
10/27 CC  14:20 W/WSW 15 mph 0.8 km ENE 20 12,870
10/27 ¢cC 15:40 WNW/W 6 aoph 0.6 lm E ND3 ~  eeeea-
10/27 ¢cC 15:40 WNW/W 6 mph 0.5 km N 107 2,361
10/28 CC  13:50 WSW/SW 7 mph 0.3 km NE 25 9,980
10/28 c¢cCc 13:50 WSW/SW 7 mph 0.5km N trace —————
10/28 cC 15:00 WSW/SW 8 aph 0.8 km ENE 16 14,850
10/28 ¢C 15:00 WSW/SW 8 mph 0.6 km E trace. = ===e=-
10/28 CC 15:55 WSW 9 mph 0.8 km ENE 10 26,260
10/28 cC  15:55 WSW 9 mph 0.3 km NE 500 500
10/30 AR 16:30 WNW 5 amph 0.4 km SSE NDI = emmee-
10/30 AR 16:30 WNW 5 mph 0.4 km ESE 9 1,178
11/03 AR 16:00 SSE § aph 0.25 km ENE trace = = =====-
11/03 AR 16:00 SSE 5 mph 0.4 km NNE trace @ e====-
11/04 AR °15:10 SSE 2 mph 0.4 km NNE 0.1% 100,000
11/04 AR 17:00 SSE 3 mph 0.4 km NNE 0.1% 100,000
11/04 AR 17:00 SSE 3 mph 0.65 km WSW 0.1% 100,000
11/0 AR . 15:00 SSE 5 aph 0.4 km NNE 0.18 100,000
11/05 AR - 15:00 SSE 5 mph 0.6 km NW NDI emeew-
11/06 AR 15:05 W 7 mph 0.4 km NNE ND3  ceeee-
11/06 AR 15:05 W 7 oph 0.4 km NE ND3 ~ —eaeee

1 ¢C = Chrome Crankshaft; AR = ARCO Refinery

2 Location relative to Chrome Crankshaft or center of cooling tower 9 at
ARCO Refinery

3 ND = Not Detected

4 Estimated concentration
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APPENDIX A.

Inventory of Field Reaction
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FIELD REACTION SAMPLES FOR THE FATE OF HEXAVALENT CHROMIUM Los Angeles, California

Date

Samgle Number

Description Sample Time

10/19
10/19
10/19
10/19
10/19
10/19
10/19
10/19
©10/19
10/19
10/19
10/19
10/19

10/20
10/20
10/20
10/20
10/20
10/20
10/20
10/20
10/20
10/20
10/20
10/20
10/20

10/22
10/22
10/22
10/22
10/22
10/22
10/22
10/22

10/22

10/22
10/22
10/22
10/22
10/22
10/22

10/26

CC 01 FROL A
CC 01 FR 01 B
CC 01 FR 01 C
CC 0L FR 02 A
cC 01 FR 02 B
CC Ol FR 02 C
cc 01 FR 03 A
CC 01 FR 03 B
CC 01 FRO3C
CC 01 FR O4 A
Cc O1 FR 04 B
CC 01 FR O4 C
CC 01 FR 00 -
AR O1 FRO1 A
AR O1 FR O1 B
AR 01 FR 01 C
AR O1 FR 02 A
AR 01 FR 02 B
AR O1 FR 02 C
AR O1 FR 03 A
AR 01 FR 03 B
AR 01 FR 03 C
AR O1 FR Q4 A
AR O1 FR O4 B
AR 01 FR O4 C
AR 01 FR BLANK
CC 02 FR O1
CC 02 FR 02
CC 02 FR 03
cC 02 FR 11
CC 02 FR 12
cC 02 FR 13
CC 02 FR 21
CC 02 FR 22
CC 02 FR 23
CC 02 FR 31
CC 02 FR 32
cC 02 FR 33
CC 02 FR 41
CC 02 FR 42
CC 02 FR 43
CC 03 FR 01

5 Second Exposure - Stack 4
5 Second Exposure - Stack 4
5 Second Exposure - Stack 4
30 Second Exposure - Stack 4
30 Second Exposure - Stack 4
30 Second Exposure - Stack 4
5 Minute Exposure - Stack 4

-5 Minute Exposure - Stack 4

5 Minute Exposure - Stack 4

30 Minute Exposure - Stack 4
30 Minute Exposure - Stack 4
30 Minute Exposure - Stack 4
Blank

5 Minute Exposure - Stack 13 Tower 9
5 Minute Exposure - Stack 13 Tower 9
5 Minute Exposure - Stack 13 Tower 9
30 Minute Exposure - Stack 13 Tower 9
30 Minute Exposure - Stack 13 Tower 9
30 Minute Exposure - Stack 13 Tower 9
1 Hour Exposure - Stack 13 Tower 9

1 Hour Exposure - Stack 13 Tower 9

1 Hour Exposure - Stack 13 Tower 9

3 Hour Exposure - Stack 13 Tower 9

3 Hour Exposure - Stack 13 Tower 9

3 Hour Exposure - Stack 13 Tower 9
Blank

Time zeroc - Instack - Top
Time zero - Instack - Middle
Time zero - Instack - Bottom
12 hour night

12 hour night

12 hour night

12 hour day

12 hour day

12 hour day

24 hour

24 hour

24 hour

24 hour - background

24 hour - background

24 hour - background

Time zero Instack (top filter)
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FIELD REACTION SAMPLES FOR THE FATE OF HEXAVALENT CHROMIUM Los Angeles, California

Date Sample Number Description Sample Time
l..-.’.-’-'-.--3’.‘.'.3.:'.-31--..-3-..-'-."--’-----"="'--’.---.-IS:::SS:S
10/26 C€C Q3 FR 02 12:00 {mid filter)

10/26 CC 03 FR 03 10/23 {bottom filter)
10/26 CC 03 FR 11 12 hour night (top filter)
10/26 CC 03 FR 12 19:00=7:00 (Middle Filter)
10/26 CC 03 FR 13 10/24-10/25 (Bottom Filter)
10/26 CC 03 FR 21 12 hour day (top filter)
10/26 CC 03 FR 22 9:00-21:00 (Middle Filter)
10/26 CC 03 FR 23 10/26 (Bottom Filter)
10/26 CC 03 FR 31 24 hour day/night (top filter)
10/26 CC 03 FR 32 19:00-19:00 {Middle Filter)
10/26 C€C 03 FR 33 10/24-10/25 (Bottom Filter)
10/26 CC 03 FR 41 24 hour background (top filter)
10/26 CC 03 FR 42 19:00-19:00 (Middle Filter)

10/26 CC 03 FR 43 10/24-10/25 (Bottom Filter)
10/26 €C 04 FR Q1 Time zero Instack (top filter)
10/26 CC O4 FR Q2 12:05 (mid filter)

10/26 CC 04 FR 03 . l0/23 (bottom filter)
10/26 CC 04 FR 11 12 hour night {top filter)
10/26 CC O4 FR 12 19:00-7:00 (Middle Filter)
10/26 CC Q4 FR 13 10/24-10/25 (Bottom Filter)
10/26 CC 04 FR 21 12 hour day (top filter)
10/26 CC O4 FR 22 9:00-21:00 (Middle Filter)
10/26 CC o4 FR 23 10/26 (Bottom Filter)
10/26 CC O4 FR 31 24 hour day/night {(top filter)
10/26 CC o4 FR 32 19:00-19:00 {Middle Filter)
10/26 CC O4 FR 33 10/24-10/25 (Bottom Filter)
10/26 CC 04 FR 41 24 hour background {top filter)
10/26 CC 04 FR 42 19:00-~19:00 {Middle Filter)
10/26 CC 04 FR 43 10/24-10/25 (Bottom Filter)
10/26 €C 05 FR 01 Time zero Instack (top filter)
10/26 CC 05 FR 02 12:10 {mid filter)

10/26 CC 05 FR 03 10/23 (bottom filter)
10/26 CC 05 FR 11 12 hour night (top filter)
10/26 CC 05 FR 12 21:00-9:00 {Middlie Filter)

10/26 CC 05 FR 13 10/26-10/27 (Bottom Filter)
10/26 CC 05 FR 21 12 hour day (top filter)
10/26 CC 05 FR 22 9:00-21:00 {Middle Filter)
10/26 CC 05 FR 23 10/26 (Bottom Filter)
10/26 CC 05 FR 31 24 hour day/night (top filter)
10/26 CC 05 FR 32 9:00-9:00 (Middle Filter)
10/26 CC 05 FR 33 10/26-10/27 (Bottom Filter)
10/26 CC 05 FR 41 24 hour background (top filter)
10/26 CC 0S5 FR 42 9:00-9:00 {Middle Filter)
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FIELD REACTION SAMPLES FOR THE FATE OF HEXAVALENT CHROMIUM Los Angeles, California

Date Sample Number Description Sample Time
10/26 CC 05 FR 43 10/26-10/27 (Bottom Filter)
10/27 CC 06 FR 01 Time zero Instack (top filter)
10/27 CC 06 FR 02 ~ {mid filter)

10/27 CC 06 FR 03 (bottom filter)
10/27 CC 06 FR 11 12 hour night (top filter)
10/27 CC 06 FR 12 21:10-9:00 (Middle Filter)
10/27 CC 06 FR 13 10/27-10/28 (Bottom Filter)
10/27 CC 06 FR 21 12 hour day (top filter) :
10/27 ¢CC Q6 FR 22 9:30-21:10 (Middle Filter)
10/27 CC 06 FR 23 10/27-10/27 (Bottom Filter)
10/27 CC 06 FR 31 24 hour day/night (top filter)
10/27 CC 06 FR 32 9:30-9:00 (Middle Filter)
10/27 CC 06 FR 33 10/27-10/28 (Bottom Filter)
10/27 CC 06 FR 41 24 hour background (top filter)
10/27 CC 06 FR 42 9:30-9:00 (Middle Filter)
10/27 CC 06 FR U3 10/27~-10/28 (Bo:tom Filter)
10/28 C€C Q7 FR 01 Time zero Instack (top filter)
10/28 CC 07 FR 02 (mid filter)

10/28 CC 07 FR 03 (bottom filter)
10/28 ¢C 07 FR 11 12 hour night (top filter)
10/28 CC 07 FR 12 21:00-9:00 (Middle Filter)
10/28 CC 07 FR 13 110/28-10/29 (Bottom Filter)
10/28 CC Q7 FR 21 12 hour day (top filter)
10/28 CC Q7 FR 22 9:00-21:00 (Middle Filter)

10/28 CC Q7 FR 23 10/28-10/28 (Bottom Filter)
10/28 ¢€C 07 FR 31 © 24 hour day/night {(top filter)
10/28 CC 07 FR 32 9:00-9:00 - (Middle Filter)
10/28 CC 07 FR 33 10/28-10/29 (Bottom Filter)
10/28 CC 07 FR 41 24 hour background (top filter)
10/28 CC 07 FR 42 9:00-9:00 (Middle Filter)
10/28 CC Q7 FR 43 10/28-10/29 (Bottom Filter)
10/28 CC 08 FR 01 Time zero Instack (top filter)
10/28 C€C 08 FR 02 . (mid filter)

10/28 ¢cC 08 FR 03 {bottom filter)}
10/28 CC 08 FR 11 . 12 hour night (top filter)
10/28 'CcC 08 FR 12 20:15-9:35 {Middle Filter)
10/28 CC 08 FR 13 10/29-10/30 (Bottom Filter)
10/28 cC 08 FR 21 12 hour day (top filter)
10/28 CC 08 FR 22 9:32-20:15 (Middle Filter)
10/28 CC 08 FrR 23 10/29-10/29 (Bottom Filter)
10/28 CC 08 FR 31 24 hour day/night (top filter)
10/28 CC Q8 FR 32 (Middle Filter)



FIELD REACTION SAMPLES FOR THE FATE OF HEXAVALENT CHROMIUM Los Argeles, California

Date

Sample Number

Description Sample Time

I"-.--II.’I"I.’S.I-"IIISS:SSI.IIIII."-"'-II'II'I"’."”.II':IIS’I.Il.s:

10/28
10/28
10/28
f0/28
10/28

10/29
10/29
10/29
10/29
10/29
10/29
10/29
10/29
10/29
10/29
10/29
10429
10/29
10/29
10/29
10/29

10/30
10/30
10/30
10/30
10/30
10/30
10/30
10/30
10/30
10/30
10/30
10/30
10/30
10/30
10/30

10/30
10/30
10/30
10/30

11/2

CC 08 FR 33
CC 08 FR 41
CC 08 FR 42
CC 08 FR 43
CC 08 FR B

AR 09 FR 01
AR 09 FR 02
AR 09 FR Q3
AR Q9 FR 11
AR 09 FR 12
AR 09 FR 13
AR 09 FR 21
AR 09 FR 22
AR 09 FR 23
AR 09 FR 31
AR 09 FR 32
AR 09 FR 33
AR 09 FR 41
AR 09 FR 42
AR 09 FR 43
AR 09 FR B

AR 10 FR 01
AR 10 FR 02
AR 10 FR 03
AR 10 FR 11
AR 10 FR 12
AR 10 FR 13
AR 10 FR 21
AR 10 FR 22
AR 10 FR 23
AR 10 FR 31
AR 10 FR 32
AR 10 FR 33
AR 10 FR 41
AR 10 FR 42
AR 10 FR 43
AR 10 FR 71
AR 10 FR 72
AR 10 FR 73
AR 10 FR B

AR 11 FR 01

(Bottom Filter)
24 hour Background (top filter)
9:32-9:35 (Middle Filter)
10/29-10/30 (Bottom Filter)
Blank Lot #5288037

Time zero Instack €0 min (top)
(mid filter)
. {(bottom filter)

12 hour night (top filter)
20:15-9:35 {Middle Filter)
10/29~10/30 (Bottom Filter)

12 hour day {top filter)
9:40-20:15 {Middle Filter)
10/30-10/30 (Bottom Filter)

24 hour day/night (top filter)
20:15=20:15 (Middle Filter)
10/29~-10/30 (Bottom Filter)

24 hour Background (top filter)
20:15-20:15 (Middle Filter)
10/29-10/30 (Bottom Filter)

Blank, Lot #8002908

Time zero 30 min Instack (top)
(mid filter) )
{(bottom filter)

12 hour night (top filter)
21:38-9:01 (Middle Filter)
11/1-11/2 (Bottom Filter)

12 hour day (top filter)
9:03-21:37 (Middle Filter)
11/2-11/2 (Bottom Filter)

24 hour day/night (top filter)
21:36-21:37 (Middle Filter)
11/1-11/2 (Bottom Filter)

24 hour Background (top filter)
21:38-21:37 (Middle Filter)
11/1-11/2 (Bottom Filter)

2 min Instack Time Zero
2 min Instack Time Zero
2 min Instack Time Zero
Blank

Time zero 40 min Instack {top)
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FIELD REACTION SAMPLES FOR THE FATE OF HEXAVALENT CHROMIUM Los Angeles, California

Date

Sample Number

Description Sample Time

2SS E IS SIS R R EF I IS I NS A EEE IR E SRS ESEEEEREETEIETIIITTTTITIZIZITTTTTITATITS

11/2
11/2
11/2
11/2
11/2
11/2
11/2
11/2
11/2
11/2
11/2
11/2
11/2
11/2

11/2
11/2
11/2
11/2

11/4
11/4
11/4
11/4
11/4
11/4
11/4
11/4
11/4
11/4
11/4
11/4
11/4
11/4
11/4
11/4
11/4

11/4
11/4
11/4
11/4
11/4
11/4
11/4

FEEEEEE EhREESEsEEEhaEhhs Hhbhh SHhhbhbGNbboBED

11 FR 02

11
11
11
11
11
11
11
11

FAFIABI IFIIIIIIIIIIIAIAI IIII IIIIIIIIIIIAD

03
11
12
13
21
22
23
31
32
33
b1
42
43

23P

43p

o1

o3P
11
12
13P
21

(mid filter)
(bottom filter)

12 hour night (top filter.)
21:37-8:57 (Middle Filter)
11/2-11/3 (Bottom Filter)

12 hour Day (top filter)
8:57-9:30 (Middle Filter)
11/3-11/3 (Bottom Filter)

24 hour day/night (top filter)
9:38-9:30 (Middle Filter)
11/2=-11/3 (Bottom Filter)

24 hour Background (top filter)
9:38-9:30 (Middle Filter)
11/2-11/3 (Bottom Filter)

2 min Instack Time zero
2 min Instack Time zero
2 min Instack Time zero
Blank Teflon FR filter 11/02

Expose 30 min - Time zero Instack (top f.)
{(mid filter)
{(bottom filter) PVC
12 hour night (30 min Instack exp.) (top f.)
21:30-8:56 (Middle Filter)
11/5-11/6 (Bottom Filter) PVC
12 hour Day (30 min Instack exp.}! (top f.)
8:58-21:30 (Middle Filter)
11/5-11/5 (Bottom Filter) PVC
24 hour day/night (30 min instack exp.} (top f.)
8:58-8:56 (Middle Filter) ‘
11/5-11/6 (Bottom Filter) PVC
24 hour Background {30 min instack exp.) (top f.)
8:58-8:56 (Middle Filter)
11/5-11/6 (Bottom Filter) PVC
Blank PVC Lot #5242027 -
Blank Teflon Lot #2617

Expose 30 min -~ Time zero Instack (top filter)
(mid filter)
(bottom filter) PVC
12 hour night (30 min Instack exp.) (top filter)
21:30-8:56 (Middle Filter)
- 11/5-11/6 (Bottom Filter) PVC
12 hour Day (30 min Instack exp.) (iop filter)
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SIELD REACTION SAMPLES FOR THE FATE OF HEXAVALENT CHROMIUM Los Angeles, California

Date

11/4
11/4
11/4
11/4
11/4
11/4
11/4
11/4
11/4
11/4

11/5
11/5
11/5
11/5
11/%
11/5
11/5
11/5
11/5
11/5
11/5
11/5
11/5
11/5
11/5

11/5
11/5
11/5
11/5
11/5

11/6
11/6
11/6

Sample Number

EEE BhEEE HEERLESEEEEEEEE EhhEhEEhEEEbD

13
13
13
13

[ ]
Description Sample Time

QI---'SI’-I”III’IISISSIIII"I".-I'-I’III*"C”IIIS-I":’I:SS’:

FR 22
FR 23P
FR 31
FR 32
FR 33P
b1
42
43p
BP
BT

o1
02
o3p
11
12
13p
21
22
23P
FR 31

A3FIIFIII IIIAIA

FR 33P
FR 41

e
=
W
L)

333 33333
R R

anE
7] R

8:58-21:30 (Middle Filter)
11/5-11/5 (Bottom Filter) PVC

24 hour day/night (30 min instack exp.) {top f.)
8:58-8:56 (Middle Filcer)
11/5-11/6 (Bottom Filter) PVC

24 hour Background (30 min instack exp.) (top f.)
8:58-8:56 (Middle Filter)
11/5-11/6 (Bottom Filter) PVC

Blank PVC Lot #5242027

‘Blank Teflon Lot #2617

Expose 30 min - Time zero Instack (top filter)
{mid filter)
{bottom filter) FVC
12 hour night (30 min Instack exp.) (top filter)
20:14-9:30 (Middle Filter)
11/6-11/7 (Bottom Filter) PVC
12 hour Day (30 min Instack exp.) (top filter)
9:31-20:12 {Middle Filter)
11/6-11/6 {Bottom Filter) PVC
24 hour day/night (30 min instack exp.) (top f.)
§:31-9:30 (Middle Filter)
11/6-11/7 (Bottom Filter) PVC
24 hour Background (30 min instack exp.) (top f.)
9:31-9:30 (Middle Filter)
11/6-11/7 (Bottom Filter) PVC

Instack 2 ain sampling
Instack 2 min sampling
Instack 2 min sampling
Blank PVC Lot #5242027
Blank Teflon Lot #2617

Instack 2 main sampling

Instack 2 min sampling
Instack 2 ain sampling
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AMBIENT SAMPLES FOR THE FATE OF HEXAVALENT CHROMIUM Los Angeles, California

Date Semple Number Description Time Minutes Cu.Meters

F-27

10/21 ¢cCc 01 IS LPB Impinger Train Lab Proof Blank
10/21 CC 01 IS 01 A Loc. 1. C train lst Imp. 13:45-18:00 255 6.0
10/21 cC 01 IS 01 B Loc. 1. C train 2nd Imp.
10/21 CC 01 IS 02 A Loc. 1. B train 1st Imp. 13:45-18:00 255 6.0
10/21 cC 01 IS 02 B Leoc. 1. B train 2nd Imp.
10/21 €C 01 IS 03 A Loc. 1. A train lst Imp.
10/21 CC QL IS 03 B Loc. 1. A train 2nd Imp. 13:45-18:00 255 6.0
10/21 CC 01 NR O4 A,B,C Train Nitric Rinse
10/21 CC 01 XT 01 Teflon Filter Sample 13:45-18:00 255 4.955
10/22 CC 02 IS 01 Upwind Impinger Train 1 11:30-15:00 210 7.4
10/22 ¢CC 02 IS 02 Upwind Impinger Train 2 11:30-15:00 210 7.4
10/22 ¢cL 02 1S 11 In-stack 3 seconds 0.0035
10/22 ¢cC 02 IS 12 In-stack 10 seconds 0.0116
10/22 CC 02 IS 13 In-stack 30 seconds 0.035
10/22 C€C 02 NR 03 Upwind IS 01 +» 02 Nitric Rinse
10/22 C€C 02 NR 14 3 + 10 second IS Nitric rinse

*10/22 CC 02 NR 15 30 second IS Nitric rinse
10/22 €C Q02 XT 01 Upwind TEFLON Filter 11:30-15:00 210 4.668
10/22 CC 02 XT 02 Upwind PVC Filter 11:30-15:00 210 4.641
.0/22 CC Q2 XT 21 Loc. 1 Teflon - Lot 2089 13:18-18:30 312 5.575
10/22 CC 02 XT 22 Loc. 1 PVC - Lot 5288037 12:24-18:30 366 7.010
10/23 cC 03 IS Q1 Upwind Impinger Train 1 12:05=-15:05 180 4.1
10/23 €C 0% IS 02 Upwind Impinger Train 2 12:05-15:05 180 4.1
10/23 C€CC 03 IS 11 Pred. Downwind (Loc. 1) Train 1 14:35-18:35 240 8.2
10/23 cC 03 IS 12 Pred. Downwind (Loc. 1) Train 2 14:35-18:35 240 8.2
10/23 ¢C Q3 Is 21 Near Downwind (Loc. 2) Train 1 14:40-18:50 211 4.8
10/23 C€C 03 IS 61 Stack 10 sec. time zero Nitric Rinse
10/23 ¢C 03 IS 61 Stack 10 sec. time zero 0.0116
10/23 C€C 03 IS &2 10 sec stack sample + 3 hr amb. 12:05-15:05 180 4.1
10/23 CC 03 IS 22 Near Downwind (Loc. 2) Train 2 14:40-18:50 211 4.8
10/23 CC 03 IS 23 Near Downwind {Loec. 2) Train 3 14:40-18:50 211 4.8
10/23 ¢C 03 IS 31 Far Downwind (Loc. 3} Train 1 14:35-18:30 220 5.0
10/23 €L 03 IS 32 Par Downwind (Loc. 3) Train 2 14:35-18:30 220 5.0
10/23 ¢C 03 IS 33 Far Downwind (Loc. 3) Train 3 14:35-18:30 220 5.0
10/23 CC 03 IS 41 -Alt. Downwind (Loc. 4) Trains 1 14:30-18:55 265 6.0
10/23 C€C 03 IS 42 Alt. Downwind (Loc. 4) Trains 2 14:30-18:55 265 6.0
10/23 C€C 03 IS 43 Alt. Downwind (Loc. 4) Trains 3 14:30-18:55 265 6.0
10/23 €C 03 NR 03 Upwind Train 1 + 2 Nitric Rinse
10/23 CC 03 NR 62 Time Zero + 3 hr amb. Nitric Rinse
10/23 CC 03 NR 13 Loc. 1 Train 1 + 2 Nitric Rinse
‘10/23 CC 03 NR 24 Loc. 2 Trains 1,2, & 3 Nitric Rinse
10/23 CC 03 NR 34 Loee. 3 Trains 1,2, & 3 Nitric Rinse
10/23 CC 03 NR 44 Loc. 4 Trains 1,2, & 3 Nitric Rinse
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Date = Sample Number Description Time Minutes Cu.Meters
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10/23 CC 03 XT 01 Upwind Teflon Filter 12:05-15:05 180 3.998
10/23 CC 03 XT 02 Upwind PVC Filter 12:05-15:05 180 3.974

10/23 ¢C 03 XT 11 Pred. Downwind (Loc. 1) Teflon Filter 15:30-18:30 180 3.217
10/23 CC 03 XT 12  Pred. Downwind (Loc. 1) PVC Filter  14:35-18:3%5 240  4.58%4
10/23 CC Q3 XT 21 Near Downwind (Loc. 2) Teflon Filter No Flow

10/23 CC 03 XT 22 Near Downwind {Loc. 2) PVC Filter No Flow
10/23 CC 03 XT 31 Far Downwind (Loc. 3) Teflon Filter 16:15-18:30 135 2.462
10/23 CC Q3 XT 32 Far Downwind (Loc. 3) PVC Filter 16:15-18:30 135 2.447

10/23 C€C 03 XT 41 Alt. Downwind (Loc. 4) Teflon Filter 14:55-18:55 -240 5.348
10/23 CC 03 XT 42 Alt. Downwind (Loc. 4) PVC Filter 14:50-18:50 230 5.043

10/23 CC 03 XT FB 01 XT Teflon Field Blank Ch 1 Loc. 1
10/23 CC 03 XT FB 02 XT PVC Field Blank Ch 2 Loc. 1
10/23 CC 03 XT RB 0L Teflon Filter Blank

10/23 CC 03 XT RB 02 PVC Filter Blank

10/26 cC 04 IS 11 Loc. 1 48 imp. sample 21:00-21:00 2880 54.015
10/26 CC O4 NR 11 Nitric Rinse Loc. 1 48 imp. sample 11/23-11/25

10/26 CC O4 XT 11 Loc. 1 48 hours Teflon 21:00-21:00 2880 51.494
10/26 CC o4 XT 12 Loc. 1 48 hours PVC 11/23-11/25 2880 54.551
10/26 CC 05 IS 01 Upwind samp. loc. Train 1 12:48-15:18 150 3.4
10/26 CC 05 IS 02 Upwind samp. loc. Train 2 12:48-15:18 150 3.4
10/26 ¢C 05 IS 11 Pred. Sam.Loc.{Loc. 1) Train 1 13:50-17:50 240 5.3
10/26 CC 05 IS 12 Pred. Sam.lLoc.(Loc. 1) Train 2 13:50-17:50 240 5.3
10/26 C€C 05 IS 13 Pred. Sam.loc.(Loc. 1) Train 3 13:50-17:50 240 5.3
10/26 CC 05.1IS 21 Far Downwind (Loc. 2) Train 1 13:45-17:50 240 5.4
10/26 cC 05 IS 22 Far Downwind (Loc. 2} Train 2 13:45-17:50 240 S.4
10/26 CC 05 IS 23a Far Downwind (Loc. 2) Train 3 Imp 1 13:45-17:50 240 5.4
10/26 CC 05 IS 23b Efficiency Check Train 3 Imp 2

10/26 CcC 05 IS 31 Loc 3 Scout+Florance P1. Train 1 13:50-17:50 240 5.7
10/26 <CC 05 IS 32a Loc 3 Train 2 Imp 1 13:50-17:50 240 5.7
10/26 CC 05 IS 32b Efficiency Check Train 2 Imp 2

10/26 cC 05 IS 33 Loc 3 Scout+Florance P1. Train 3 13:50-17:50 240 5.7
10/26 CC 05 IS 41 Loc 4 Suva at Box Co Train 1. 13:34-17:34 240 5.5
10/26 CC 05 IS 42 Loc 4 Suva at Box Co Train 2 13:34-17:34 240 5.5
10/26 CC 05 IS 43 Loc 4 Suva at Box Co Train 3 13:34-17:34 240 5.5
10/26 CC 05 IS 61 10 sec. In stack Time zero 0.0116
10/26 CC 05 IS 63 Instack sample+2.5 hr ypwind samples 12:48-15:18 150 3.4
10/26 CC 05 NR 03 Nitric Rinse Loc. O Trains

10/26 CC 05 NR 14  Nitric Rinse Trains 1,2,3 Locl

10/26 CC 05 NR 24 Nitric Rinse Trains 1,2,3 Loc 2

10/26 CC 05 NR 34 Nitric Rinse Trains 1,2,3 Loc 3

10/26 C€C 05 NR 44 Nitric Rinse Trains 1,2,3 Loc 4

10/26 CC 05 NR 62 Nitric Rinse -In stack Time zero
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.
Date Sample Number Description Time Minutes Cu.Meters

10/26 CC 05 NR 64 Nitric Rinse Time Zero + 2.5 hr amb

10/26 CC Q05 XT 01 Upwind Teflon 12:48-15:18 150 3.404
10/26 CC 085 XT 02 Upwind PVC 12:48-15:18 150 3.309
10/26 CC 05 XT 11 Pred. Loc. 1 (near downwind) Teflon 13:50-17:50 240 4.29%
10/26 CC 05 XT 12 Pred. Loc. 1 (near downwind)} PVC 15:50-17:50 120 2.270
10/26 CC 05 XT 21 Far downwind (Loc. 2) Teflon 13:50-17:50 240 4.117
10/26 CC 05 XT 22 Far downwind (Loc. 2) PVC 13:50-17:50 24C 4.088
10/26 CC 05 XT 31 Loc 3 (East of soyrce) Teflon 13:50-17:50 240 5.346
10/26 CC 05 XT 32 Loc 3 (East of source) PVC 13:50-17:50 240 5.260
10/26 CC 0% XT 41 Loc 4 (North of source} Teflon 13:34-17:34 240 4.632
10/27 cC Qo7 IS 01 Imp. sanple. Loc O Train 1 12:21-15:21 180 4.0
10/27 C¢C 07 IS 02 Iop. sample, Loc O Train 2 12:21-15:21 180 4.0
10/27 ¢cCc 07 Is 11 Imp. sample, Loc 1 Train 1 13:00-17:00 240 6.1
10/27 CC 07 1S 12a Loc 1 Eff. Check Train 2 Imp 1 13:00-17:00 240 6.1
10/27 -CC 07 1S 12b Loc 1 Eff. Check Train 2 Imp 2

10/27 CC QT IS 13 Iop. sample, Loc 1 Train 3 13:00-17:00 240 6.1
10/27 CC OT IS 21 Imp. sample, Loc 2 Train 1 13:10-17:10 240 6.1
10/27 cC Q7 IS 22 Iop. sample, Loc 2 Train 2 13:10-17:10 240 6.1
10/27 CC 07 IS 23 Imp. sample, Loc 2 Train 3 13:10-17:10 240 6.1
10/27 CC 07 IS 31 Inp. sample, Loc 3 Train 1 13:05=17:05 240 5.9
10/27 ¢C 07 IS 32 Loc 3 Eff. Check Train 2 Imp 1 13:05-17:05 240 5.9
10/27 ¢€C 07 IS 33a Loc 3 Eff. Check Train 2 Imp 2

10/27 CC 07 IS 33b Imp. sample, Loc 3 13:05-17:05 240 5.9
10/27 €C 07 IS 41 = Imp. sample, Loc 4 13:00-17:00 240 6.2
10/27 CC 07 IS 42 Inp. sample, Loc 4 13:00-17:00 240 6.2
10/27 CC 07 IS 43 Imp. sample, Loc 4 13:00-17:00 240 6.2
10/27 ¢C Q7 IS 61 Time zero, 10 sec. stack sample 0.0116
10/27 cC Q7 IS 63 10 sec. Time zero + 3 hr upwind amb 12:21-15:21 180 4.0
10/27 CC O7 IS FB Field Blank / Acetate T

10/27 CC 07 IS RB Reagent Blank / Acetate Batch 2

10/2 CC Q07 NR 03 Imp. sample, Loc O Nitric Rinse

10/27 CC O7 NR 12¢ Isp. sample, Loc 1 Eff. Check

10/27 CC O7 NR 14 Iap. sample, Loc 1 Nitric Rinse

10/27 CC O7 NR 24 Imp. sample, Loc 2 Nitric Rinse

10/27 CC O7 NR 34 Imp. sample, Loc 3 Nitric Rinse

10/27 CC Q7 NR 44 Imp. sample, Loc 4 Nitric Rinse

10/27 CC 07 NR 62 Nitric Rinse -In stack Time zero

10/27 CC Q7 NR 64 Nitric Rinse Time Zero + 3 hr amb

10/27 CC 07 NR RB Field Blank / 5% Nitric Acid Rinse

10/27 CC Q7 NR RB Reagent Blank / 5% Nitric Acid

10/27 CC Q7 XT 01 Upwind Teflon 12:21-15:21 180 3.999
10/27 CC 07 XT 02 Upwind PVC 12:21-15:21 180 3.972
10/27 C€C 07 XT 11 Pred. Loc. 1 (near downwind) Teflon 13:00-17:00 240 4,361
10/27 CC 07 XT 12 Pred. Loc. 1 (near downwind) PVC 13:00-17:00 240 4.539
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Date Sample Number Description Time Minutes Cu.Meters
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10/27 CC Q7 XT 21 Far downwind (Loc. 2) Teflon 13:10-17:10 240 5.349
10/27 CC Q7 XT 22 Far downwind (Loc. 2) PVC 13:10-17:10 240 5.257
10/27 CC 07 XT 31 Loc 3 (East of source) Teflon 13:05-17:05 240 5.073
10/27 GC 07 XT 32 Loc 3 (East of source) PVC 13:05-17:05 240 5.112
10/27 CC 07 XT 41 Loc 4 (North of scurce) Teflon 13:00~17:00 240 5.013
10/28 cCc Q8 1S 01 Imp. sample, Loc 0 Time Zero? 11:25-13:45 140 3.2
10/28 Cc 08 1s 02 Imp. sample, Loc 0 Time Zero? 11:25-13:45 140 3.2
10/28 CC 08 IS5 03 Inp. sample, Loc O Time Zero? 11:25-13:45 140 3.2
10/28 cc 08 IS 1la Loc 1 Eff. Check Train 1 13:50-17:00 190 4.3
10/28 ¢C 08 IS 1ib Loc 1 Eff. Check Train 1 . -

10/28 CC 08 IS 12a Loc 1 EPf. Check Train 2 13:50-17:00 190 4.3

10/28 CC 08 IS 12b Loc 1 Eff. Check Train 2
10/28 CC 08 IS 12c Loc 1 Eff. Check Train 2
10/28 CC 08 1S 13 . Imp. sample, Loc 1 Train
10/28 CcCc 08 IS 21 Imp. sample, Loc 2 Train
10/28 <¢C 08 IS 22 Imp. sample, Loc 2 Train
10/28 ¢C 08 IS 23 Imp. sample, Loc 2 Train
10/28 <¢cC 08 IS 31 Imp. sample, Loc 3 Train
10/28 ¢cC 08 IS 32 Imp. sample, Loc 3 Train
10/28 cc 08 IS 33 Imp. sample, Loc 3 Train
10/28 <CC 08 IS 41 . sample, Loc 4 Train

13:50-17:00 190
12:10-17:00 290
12:10-17:0C0 290
12:10-17:00 290
12:05-17:05 300
12:05-17:05 300
12:05-17:05 300
11:55-16:55 300

-
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10/28 ccC 08 IS 61 Time Zero instack sample 10 seconds 0.0
10/28 <¢€C 08 NR 04 Imp. sample, Loc Q Nitric Rinse

10/28 €C 08 NR 14 Imp. sample, Loc 1 Nitric Rinse

10/28 CC 08 NR 24 Inp. sample, Loc 2 Nitric Rinse.

10/28 CC 08 NR 34 Imp. sample, Loc 3 Nitric Rinse

10/28 CC 08 NR 44 Imp. sample, Loc 4 Nitric Rinse

10/28 CC 08 NR 62 10 sec. Time Zero Nitric Rinse

10/28 ¢C 08 XT 01 Upwind Teflon . 11:25-15:00 215 4.775
10/28 cC 08 XT 02 Upwind PVC 11:25-15:00 215 4,743
10/28 cC 08 XT 11 Pred. Loc. 1 (near downwind) Teflon 13:50-17:00 190 3.444
10/28 CC 08 XT 12 Pred. Loc. 1 (near downwind) PVC 13:50-17:00 190 - 3.585
10/28 CC 08 XT 21 Far downwind {(Loc. 2) Teflon 12:10-17:00 - 290 6.459
10/28 CC 08 XT 22 Far downwind (Loc. 2) PVC 12:10-17:00 290 6.352
10/28 cC 08 XT 31 Loc 3 (East of source) Teflon ’ 12:05-17:05 300 ~ 6.336
10/28 cCC 08 XT 32 Loc 3 (East of source} PVC ‘ 12:05-17:05 300 6.386
10/28 CC 08 XT 41 Loc 4 (North of source) Teflon - 11:55-16:55 300 5.610
10/29 AR Q9 IS 21 Imp. Sample, Loc 2 Downwind 14:54-17:15 141 3.3
10/29 AR Q9 IS 22 Imp. Sample, Loc 2 Downwind 14:58-17:15 141 3.3
10/29 AR 09 IS 23  Imp. Sample, Loc 2 Downwind . 14:58-17:15 141 3.3
10/29 AR Q9 IS 61 Lec 6, Instack 70 min 15:00-16:10 70 2.4
10/29 AR 09 IS 62 Loc 6, Instack 70 min 15:00-16:10 = 70 2.4
10/29 AR (09 XT 21 Loc 2, Teflon ' ) 14:54-17:15 141 3.180
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Date Sample Number Description Time Minutes Cu.Meters
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10/29 AR 09 XT 22 Loc 2, Teflon 14:54-17:15 141 . 3.180
10/30 AR 10 IS Q1 Upwind (Loc. O) 14:08-17:58 230 5.2
10/30 AR 10 IS 02 Upwind (Loc. Q) 14:08-17:58 230 5.2
10/30 AR 10 IS 11 Downwind (Loc 1) Train 1 13:38-17:38 240 5.4
10/30 AR 10 IS 12 Downwind (Loc 1) Train 2 13:38-17:38 240 5.4
10/30 AR 10 IS 13 Downwind (Loc 1) Train 3 13:38-17:38 240 5.4
10/30 AR 10 IS 21 Downwind (Loc 2) Train 1 13:22-15:22 230 5.2
10/30 AR 10 IS 22 Downwind (Loc 2} Train 2 13:22-15:22 230 5.2
10/30 AR 10 IS 23 Downwind (Loc 2) Train 3 13:22~-15:22 230 5.2
10/30 AR 10 IS 31 Downwind (Loc 3) Train 1 13:54-17:54 233 5.3
10/30 AR 10 IS 32 Downwind (Loc 3) Train 2 13:54-17:54 233 5.3
10/30 AR 10 IS 33 Downwind (Loc 3) Train 3 13:54-17:54 233 s.3
10/30 AR 10 IS 61 30 min instack Time zero 11:00-11:30 30 1.0
10/30 AR 10 IS 62 30 min Time zero + 230 min Loec. 0 - 14:08-17:58 230 5.2
10/30 AR 10 XT O1 Upwind Teflon 14:08-17:58 230 4,184
10/30 AR 10 XT 02 Upwind NaAc PVC 14:08-17:58 230 4,352
10/30 AR 10 XT 11 Downwind Left (Loc 1} Teflon 13:38-17:38 240 5.072
10/30 AR 10 XT 12 Downwind Left (Loc 1) 1st NaAC PVC 13:38-17:38 240 5.117
10/30 AR 10 XT 31 Downwind Right (Loc 3) Teflon 13:54-17:54 233 5.178
10/30 AR 10 XT 32 Downwind Right (Loc 3) lst NaAc PVC 13:84-17:54 233 5.144
11/2 AR 11 1S 01 Loc 0 Upwind Train 1 13:20-17:10 230 5.2
11/2 AR 11 IS 02 Lo¢c 0 Upwind Train 2 13:20-17:10 230 5.2
11/2 AR 11 IS 1lla Loc 1 Downwind Train 1 -1lst imp 13:10-17:10 240 4.6
11/2 AR 11 IS 11b Loe 1 Downwind Train 1 2nd imp .

1172 AR 11 IS 12a Loc 1 Downwind Train 2 lst imp 13:10-17:10 240 4.6

11/2 AR 11 IS 12b Lo¢c 1 Downwind Train 2 2nd imp
11/2 AR 11 IS 13 Loc 1 Downwind Train 3 13:10-17:10 240 4.6
11/2 AR 11 IS 21 Loc 2 Downwind Train 1 13:58-15:56 118 2.6
11/2 AR 11 IS 22 Loc 2 Downwind Train 2 13:58-15:56 118 2.6
11/2 AR 11 IS 23 Loc 2 Downwind Train 3 13:58-15:56 118 2.6
11/2 AR 11 IS 31 Loc 3 Downwind Train 1 13:20-17:20 240 5.4
11/2 AR 11 IS 32 Loc 3 Downwind Train 2 13:20-17:20 240 5.4
11/2 AR 11 IS 33 Loc 3 Downwind Train 3 13:20-17:20 240 5.4
11/2 AR 11 IS 41 Loc 4 Far Downwind Train 1 13:40-17:44 2u4 6.0
11/2 AR 11 IS 42 Loc 4 Far Downwind Train 2 13:40-17:44 244 6.0
11/2 AR 11 IS 43 Loc 4 Far Downwind Train 3 13:40=-17:44 244 6.0
11/2 AR 11 IS 61 30 min Instack Time Zero 11:00-11:30 30 1.1
11/2 AR 11 IS 62 Instack Time Zero + 230 min amb 13:20-17:10 230 5.2
11/2 AR 11 IS FB Sample Train Field Blank
11/2 AR 11 IS RB NaAcetate Reagent Blank Batch 3
11/2 AR 11 XT 01 Upwind (Loc 0) Teflon 13:10-17:10 240 4.365
11/2 AR 11 XT 02 Upwind (Loc Q) lst NaAc PVC 13:10-17:10 240 4.542
11/2 AR 11 XT 11 Downwind Left (Loc 1) Teflon 13:00-17:30 270 5.713
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Date .Sample Number Description Time Minutes Cu.Meters

11/2 AR 11 XT 12 Downwind Left (Loc 1) 1st NaAC PVC 13:00-17:30 270 5.772
11/2 AR 11 XT 21 Downwind (Loc 2) Teflon 13:58-15:56 118 2.436
11/2 AR 11 XT 22 Downwind (Loc 2) 1st NaAc PVC 13:58-15:56 118 4,005
11/2 AR 11 XT 31 Downwind Right (Loc 3) Teflon 13:20-17:20 240 5.333
11/2 AR 11 XT 32 Downwind Right (Loc 3) 1lst NaAc PVC 13:20-17:20 240 5.292
11/2 AR 11 XT 41 Far Downwind (Loc. 4) Teflon 13:41-17:44 243 2.220
11/2 AR 11 XT B lst Batch Blank Na Acetate Filter
11/3 AR 12 IS 01 Loc O, Upwind Train 1 12:45-17:45 293 7.4
11/3 AR 12 IS 02 Loc 0, Upwind Train 2 12:45-17:45 293 7.4
11/3 AR 12 IS 11 Loc 1, East of CT 9 Train 1 11:50-18:00 370 8.2
11/3 AR 12 IS 12 Loc 1, East of CT 9 Train 2 11:50-18:00 370 8.2
11/3 AR 12 IS 13 Loc 1, East of CT 9 Train 3 11:50-18:00 370 8.2
11/3 AR 12 IS 21 Loc 2, In Tank Farm Train 1 12:52-17:52 <300 7.0
11/3 AR 12 IS 22 Loc 2, In Tank Farm Train 2 12:52-17:52 <300 7.0
11/3 AR 12 IS 23 Loc 2, In Tank Farm Train 3 12:52-17:52 <300 <7.0
11/3 AR 12 IS 31 Loc 3N, NW corner of Lot Train 1 13:05-18:05 300 8.0
11/3 AR 12 IS 32 Loc 3N, NW corner of Lot Train 2 13:05-18:05 300 8.0
11/3 AR 12 IS 33 Loc 3N, NW corner of Lot Train 3 13:05-18:05 300 8.0
11/3 AR 12 IS 41 Loc 4, Far Downwind Train 1 11:44-17:06 322 7.2
“1/3 AR 12 IS 42 Loc 4, Far Downwind Train 2 11:84-17:06 322 7.2
11/3 AR 12 IS 43 Loc 4, Far Downwind Train 3 11:44-17:06 322 7.2
11/3 AR 12 IS 61  Instack Time zero, (30 min) 1.1
11/3 AR 12 1S 62 Time zero + 293 min at Loc O 12:45-17:45 293 7.4
11/3 AR 12 XT 01 Upwind (Loc Q) Teflon 12:45-17:45 293 5.309
11/3 AR 12 XT 02  Upwind (Loc O) 2nd NaAc Filter 12:45-17:45 293 5.529
11/3 AR 12 XT 11 Loc 1, East of CT 9 Teflon 11:50-17:50 360 7.616
11/3 AR 12 XT 12 Loc 1, East of CT 9 2nd NaAc Filter- 11:50-17:50 360 7.678
11/3 AR 12 XT 21 Loc 2, In Tank Farm Teflon 12:52-17:52 300 5.819
11/3 AR 12 XT 22 Loc 2, In Tank Farm 2nd NaAc Filter 12:52-17:52 300 5.323
11/3 AR 12 XT 31 N Loc 3N, NW corner of Lot Teflon 13:05-18:05 300 6.664
11/3 AR 12 XT 32 N Loc 3N, NW corner 2nd NaAc Filter 13:05-18:05 300 6.63
11/3 AR 12 XT 41 Loc 4, Far Downwind Teflon 11:44-17:06 322 3.108
11/3 AR 12 XT BGF Blank Na Acetate Filtar 2nd Batch
11/3 AR 12 XT BT Blank Filter Teflon Lot #2089
11/4 AR 13 IS 01 Loc O, Upwind Train 1 12:30-18:00 330 8.3
11/4 AR 13 IS 02 Loc 0, Upwind Train 2 ) 12:30-18:00 330 8.3
11/4 AR 13-IS 11 Loc 1, West of CT 9 Train 1 12:00-18:00 360 9.5
11/4 AR 13 IS 12 Loc 1, West of CT 9 Train 2 12:00-18:00 360 9.5
11/4 AR 13 IS 13 Loc 1, West of CT 9 Train 3 12:00-18:00 360 9.5
11/4 AR 13 IS 21 Loc 2, In Tank Farm Train 1 12:36-17:22 286 6.5
11/4 AR 13 IS 22 Loc 2, In Tank Farm Train 2 12:36-17:22 286 6.5
11/4 AR 13 IS 23 Loc 2, In Tank Farm Traia 3 12:36-17:22 286 6.5
11/4 AR 13 IS 31a Loc 3N, Train 1, Imp i 12:40-17:40 292 7.4
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Date Sample Number Description Time Minutes Cu.Meters
11/4 AR 13 IS 31b Loc 3N, Train i, Imp 2

11/4 AR 13 IS 32a . Loc 3N, Train 2, Imp 1 12:40-17:40 292 7.4
11/4 AR 13 IS 32b Loc 3N, Train 2, Imp 2

11/4 AR 13 IS 33 Loc 3, NW corner of lot, Train 3 12:40-17:40 292 7.4
11/4 AR 13 IS M1 Loec 4, Far downwind Train 1 12:00-17:15 315 7.5
11/4 AR 13 IS 42 Loc 4, Far downwind Train 2 12:00-17:15 315 7.5
11/4 AR 13 IS U3 Loc 4, Far downwind Train 3 12:00-17:15 315 7.5
11/4 AR 13 IS 61 Instack Time zero, (30 min CT-9,FC 13) 10:39-11:09 30 1.1
11/4 AR 13 IS 62 Time Zero + 330 min. amb. at Loc. O 12:30-18:00 330 8.3
11/4 AR 13 XT 01 - Loc O, Teflon Filter 12:30-18:00 330 5.999
11/4 AR 13 XT 02 Loc 0, NaAcetate Filter 2nd Batch 12:30-18:00 330 6.241
11/4 AR 13 XT 11 Loc 1, Teflon Filter ' 12:00-18:00 360 7.615
11/4 AR 13 XT 12 Loc 1, NaAcetate Filter 2nd Batch 12:00-18:00 360 7.679
11/4 AR 13 XT 21 Loc 2, Teflon Filter 12:36-17:22 286 6.066
11/4 AR 13 XT 22 Loc 2, NaAcetate Filter 2nd Batch 12:36-17:22 286 5.525
11/4 AR 13 XT 31 Loc 3, Teflon Filter 12:40-17:40 292 6.488
11/4 AR 13 XT 32 Loc 3., NaAcetate Filter 2nd Batch 12:40-17:40 292 6.441
11/4 AR 13 XT 41 Loc 4, Teflon Filter 12:00-17:15 315 2.991
11/5 AR 14 IS 01 Loc. Q Previous Upwind Train 1 12:50-17:55 305 7.9
11/5 AR 14 IS Q2 Loc. O Previous Upwind Train 1 12:50-17:55 305 7.9
11/5 AR 14 IS 03 Loc. Q Previous Upwind Train 1 12:50-17:55 305 7.9
11/5 AR 14 IS 11 Loc. 1 Wof CT 9 Train 1 12:10-17:05 295 6.3
11/5 AR 14 IS 12 Loc. 1 Wof CT 9 Train 2 12:10-17:05 295 6.3
11/5 AR 14 IS 13 Loec. 1 W of CT 9 Train 3 12:10~-17:05 295 6.3
11/5 AR 14 IS 21 Loe 2N Int. Truck Park. lot, Train 1 13:06-16:36 210 5.0
11/8% AR 14 IS 22 Loc 2N Int. Truck Park. lot, Train 2 13:06~16:36 210 5.0
11/5 AR 14 IS 23 Loc 2N Int. Truck Park. lot, Train 3 13:06-16:36 210 5.0
11/5 AR 14 IS 31a Loc 3N, Trainl 1st Imp : 12:25-17:22 298 6.7
11/5 AR 14 IS 31b Loc 3N, Train 1 2nd Imp

11/5 AR 14 IS 32a Loc 3N, Train 2 1lst Imp 12:25-17:22 298 6.7
11/5 AR 14 IS 32b Lo¢ 3N, Train 2 2nd Imp .

11/5 AR 14 IS 33 Loc 3N, NW corner of lot Train 3 12:25-17:22 298 6.7
11/5 AR 14 IS 41 Loc 4 Prev. Far Downwind Train 12:30-17:13 283 7.2
11/5 AR 14 IS 42 Loc 4 Prev., Far Downwind Train 12:30-17:13 283 7.2
11/5 AR 14 IS 61 30 min Instack Time Zero (CT 9,FC 13) 10:56-11:26 30 1.1
11/5 AR 14 IS 62 Time Zero + 283 min. amb. at Loc 4  12:30-17:13 283 7.2
11/5 AR 14 IS RB NaAc Reagent blank Batch 4

11/5 AR 14 XT Q1 Loc O Previous upwind Teflon 12:50-17:55 305 5.549
11/5 AR 14 XT 02 Loc 0 NaAcetate Filter 2nd Batch 12:50-17:55 305 5.773
11/5 AR 14 XT 11 Lec 1, Teflon Filter 12:10-17:05 295 6.239
11/5 AR 14 XT 12 Loec 1, NaAcetate Filter 2nd Batch 12:10-17:05 295 6.290
11/5 AR 14 XT 21 Loc 2N, Teflon Filter 13:06-16:36 210 3.785
11/5 AR 14 XT 22 Loc 2N, NaAcetate Filter 2nd Batch 13:06-16:36 210 4.006
11/5 AR 14 XT 31N Loc 3N, Teflon Filter 12:25-17:22 298 6.625
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AMBIENT SAMPLES FOR THE FATE OF HEXAVALENT CHROMIUM Los Angeles, California

Date Sample Number Description Time Minutes Cu.Meters
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14 XT 32N Loc 3N, NaAcetate Filter 2nd Batch  12:25-17:22 298 6.588

11/5 AR

11/5 AR 14 XT 41 Loc 4, Teflon Filter T 12:30-17:13 283 2.649
11/5 AR 14 XT RB 2 2nd Batch NaAcetate Filter Blank

11/5 AR 14 XT RB 1 Teflon Filter Blank Lot #2089

11/6 AR 15 IS 01 Loc 0, Original Upwind Train 1 13:42-17:42 240 4.9
11/6 AR 15 IS 02 Loc O, Original Upwind Train 2 13:42-17:42 240 4.9
11/6 AR 15 IS 11 Loc 1, Wof CT 9 Train 1 12:10-18:02 354 7.3
11/6 AR'15 IS 12 Loc 1, W of CT 9 Train 2 12:10-18:02 354 7.3
11/6 AR 15 IS 13 Loc 1, W of CT 9 Train 3 12:10-18:02 354 7.3
11/6 AR 15 IS 21 Loc 2, Tank Farm Train 1 13:30-17:55 265 6.1
il/6 AR 15 IS 22 Loc 2, Tank Farm Train 2 . 13:30-17:55 265 6.1
11/6 AR 15 IS 23 Loc 2, Tank Farm Train 3 13:30-17:55 265 6.1
11/6 AR 15 IS 31 Mobile DW 13:22 to 15:40 NE corner 13:22-18:15 290 7.2
11/6 AR 15 IS 32 of lot (Loc. 3N), from 15:43 to 18:15 13:22-18:15 290 7.2
11/6 AR 15 IS 33 at roadway corner {(Loc. 3) 13:22-18:15 290 7.2
11/6 AR 15 IS 41 Far downwind of Loc 2 Train 1 13:29-18:07 278 6.5
11/6 AR 15 IS 42 Far downwind of Loc 2 Train 1 13:29-18:07 278 6.5
11/6 AR 15 IS 61 30 min. Instack Time zero (CT9,FC13) 11:00-11:30 30 1.3
11/6 AR 15 IS 62 Time zero ¢ 240 min. amb. at Loc O 13:42-17:42 240 4.9
'1/6 AR 15 XT 01 Loc 0, Teflon Filter 13:42-17:42 240 4.364
11/6 AR 15 XT 02 Loc O, NaAcetate Filter 3rd Batch 13:42-17:42 240 4.614
11/6 AR 15 XT 11 Loc 1, Teflon Filter 12:10-18:02 354 7.474
11/6 AR 15 XT.12 Loc 1, NaAcetate Filter 3rd Batch 12:10-18:02 354 7.548
11/6 AR 15 XT 21 Loc 2, Teflon Filter 13:30-17:55 265 5.888
11/6 AR 15 XT 22 Loc 2, NeAcetate Filter 3rd Batch  13:30-17:55 265  5.937
11/6 AR 15 XT 31 Loc 3N and 3, Teflen Filter 13:22-18:15 290 5.485
11/6 AR 15 XT 32 Loc 3N and 3, NaAc Filter 3rd Batch 13:22-18:15 290 5.483
11/6 AR 15 XT 41 Loc 4, Teflon Filter 13:29-18:07 278 2.502
11/6 AR 15 XI' RB 2 13rd Batch NaAcetate Filter .

F-34



LU Eh Y 14 ]

80 100 N

€0

50 Q*

2

-

YHIUOM Y CLEE I A S HOLVI'DJ! DD SUNSYIN UIMLVIM

100 M

e e & kb

C1 5 OCIAZIATLAATY CH LHVHD

S L -

c-4

VREIH YD OIS

F-37



']
25 nun'i i)

\

V4l

T CHANT 1. CEVRe

& 80 100 N

:13- 49 5 g*

WEATHER MEASUHE CORPONATION BAGIALLERIO C i Ofiia
\»

——— @
hy

= m

LT H1.. LS Vet ka3
-
'
|
]

e QO . . = &Q P ) nm

" F-38



APPENDIX C.

Meteorological Data Station Strip Charts
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